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Foreword 


The American Cyaiiamid Company pre 
sents, in the following pages, data obtained in 
research work with Cyanogas Calcium 
Cyanide for the control of various animal 
pests. These data arc of three sources: first, 
the work of various research men employed 
by the Company; second, reports of interest- 
ing developments arising in the work of 
various investigators*; third, exact reprints 
of publications of a scientific nature dealing 
with Cyanogas Calcium Cyanide. The ex- 
periments arc grouped into sections of closely 
related subjects. As new data arc obtained 
and new articles appear in print, new pages 
will be printed and sent to those receiving the 
original booklet. These pages are to be in- 
serted in the booklet at their proper places as 
designated by section and page numbers. In 
this way the Company hopes to keep experi- 
mental workers informed of all the latest de- 
velopments relating to the uses of Cyanogas 
Calcium Cyanide. 


*.Such information will not be published unk*ss authorized by 
the worker. 
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Nature of Gyanooas Calcium Cyanide 

Cyanogas Calcium Cyanide is made from the nitrogen 
of the air. Calcium Cyanamid, with the formula CaCN.. 
is first made and Calcium Cyanide Ca(CN).j is made from 
the Cyanamid. Calcium Cyanide is perfectly distinct from 
Cyanamid, having an extra carbon atom and totally different 
characteristics. 

When Calcium Cyanamid is acted upon, by moisture, 
urea is formed, whereas when Calcium Cyanide is acted upon 
by atmospheric water vapor, hydrocyanic acid is given off. 
CaCN., l-.ff IJ ) -n'a(( )f I ).,+(■< )( Nil,), 
Ca(CN),+211,0_Ca(()]i)J-2llCN 

The use of Cyanogas Calcium Cyanide as a rodenticide, 
insecticide, and vermicide depends upon this reaction. 
It has been well known for many years that hydrocyanic acid 
gas was an effective economic poison, but its use was limited 
by the necessity of generating the gas by the action of acid 
and water upon sodium or potassium cyanide in regular 
fumigating pots or jars. 

The production of li(]uid hydrocyanic acid was a step in 
the direction of ease of application, but the use of Cyanogas 
Calcium Cyanide has made possible the use of hydro- 
cyanic acid as a killing agent in many fields where neither 
sodium cyanide or li(iuid hydrocyanic acid could ever be 
used. 

Grades 

Cyanogas Calcium Cyanide is manufactured in a 
number of different grades, adapted for various problems. 
During the development of the work certain grades were used 
in experiments which are no longer manufactured. The names 
of the grades have also been changed. The following list 
of grades is designed to describe those in use now and those 
which were made in the past but are no longer manufactured. 
Names in bold faced type are the current names of the grades. 

GRADES OF CYANOGAS NOW MANUFACTURED 

Cyanogas Chinch Bug E'larks — Calcium Cyanide 
Flakes, containing not less than 40/f nor more than 50/(* Cal- 
cium Cyanide. Large pieces about 1/32 of an inch in 
thickness. 

Cyanogas Calcium Cyanide Granules — containing 
not less than 40% nor more than 50% Calcium Cyanide. A 
coarse granular material. 



CvANOGAS G — Fumigant — Cyanogas Calcium Cyanide 
“G” Grade, containing not less than 40% nor more than 50% 
Calcium Cyanide. Particles very small, about like sea sand. 

Cyanogas Calcium CvAxMde “A” Dusi-containing 
not less than 4-OVr nor more than SO'% Calcium Cyanide. A 
fine dust, about 80% passing through a 200 mesh screen. 

Cyanogas S — Dusting Mixture — Sulphur Cyanide — 
containing not less than 17% nor more than 25% Calcium 
Cyanide; 50% Sulphur. A fine dust. 

Cyanogas Calcium Cyanide Citrus Dust— containing 
not less than 30%^ nor more than 37.5%o Calcium Cyanide; 
25% Sulphur. A fine dust. 

OBSOLETE NAMES 

Cyanogas Calcium Cyanide “B” Dust, a mixture con- 
sisting of “A” Dust and 50% of talc as a diluent. A fine dust. 

Calcium Cyanide “C” Dust, a mixture consisting of “A” 
Dust and 75% of talc as a diluent. A fine dust. 

Gas Flakes, a name employed for Cyanogas Chinch Bug 
Flakes. 

Fumo Brand a trade name used in Australia, 

Uses of Cyanogas Calcium Cyanide 

Cyanogas Calcium Cyanide is used in many different 
ways depending upon the pest to be controlled. These methods 
may be roughly divided into five groups. 

1. The Fumigation of Enclosed Spaces. 

Examples: Dwelling houses,* greenhouses or glass- 
houses, trees enclosed in tents. 

2. The Destruction of Burrowing Animals. 

Examples: Rodents, moles, crayfish, land crabs, land 

turtles, termites, ants. 

3. Treatment of Subterranean Insects and Worms. 

Examples: Wi reworms, white grubs, nematodes. 

4. Open Air Dusting. 

Examples: Aphids, capsids, psyllids. 

5. A poisonous barrier for migrating animals. 

Examples: Chinch bugs, army worms, locusts. 

♦Cyanogas must not be used for fumigating dwellings except where the work 
is performed by or under the supervision of professional or licensed funiigators. 



The Evolution of Hydrociyanic Acid Gas From 
Gyanooas Calcium G'^anidk 

I'he factors which mijrht affect the evolution of hydro- 
cyanic acid i;as from Cyanoiras Calcium Cyanide fall into two 
groups. One group is concerned with the condition of the air 
to which the cyanide is cxposecl and includes such factors as 
temperature and relative humidity. The second group in- 
cludes particle size and thickness of the layer exposed; that 
is, those concerned with the physical and mechanical condi- 
tion of the cyanide. 

In the first series of experiments the effects of relative 
humidity and temperature were studied. In order to elimi- 
nate, as far as possible, the effect of particle size, this series 
was run with Cyanogas “A” Dust. 'Vhe sample was also 
exposed in layer thin enough to reduce to a minimum the 
effect the thic’mess of the layer might have. One gram of 
the Cyanogas Calcium Cyanide was spread out in the reaction 
flask, which had previously been thoroughly dried. Air ca)n- 
ditioned as to humidity and temperature was passed through 
this flask at the rate of 1.3 cu. ft. per hour into a caustic so. la 
scrubber where the evolved hydrocyanic acid gas was 
absorbed. 

Since Cyanogas Calcium Cyanide is dependent upon 
atmospheric water vapor for the reaction in which hydrocy- 
anic acid is given off, a relationship between the percentage 
of gas evolved in a given time and the relative humidity of 
the atmosphere might be expected. Experiments under these 
conditions have shown that if the relative humidity is above 
35/^ the rate of evolution of hydrocyanic acid gas is 
independent of the relative humidity, the major portif)n 
being evolved in the first hour. If the relative humidity 
is lower than 3 ()/l, the evolution of the gas is retarded. This 
may best be illustrated by Fig. I, which was plotted from data 
obtained under these controlled conditions. It will be noted 
from this figure that where the relative humidity is 50% or 
above, 90/V of the available hydrocyanic acid is evolved in 
the first two and one-half hours of exposure. An interesting 
fact is also emphasized by the run made at 25% relative 
humidity for three hours and continued at 95'/ relative hu- 
midity for an additional two and one-half hours. The in- 
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crease in humidity, shown by the abrupt break in the curve, 
produced an evolution of gas practically identical with what 
it would have been had the run started at 95 %. During the 
first hour of this run the evolution of hydrocyanic acid gas 
was much more rapid than during the second hour. During 
the first hour a thin layer of calcium hydroxide would be 
formed around the particle which might prevent the atmos- 
pheric moisture, under conditions of low relative humidity, 
from reacting with the Calcium Cyanide on the interior of 
the particle, but would not prevent this reaction at high 
relative humidities. 

The experiments indicated that the evolution of the gas 
was not materially affected by changes of temperature, pro- 
viding there was sufficient moisture in the air to produce the 
reaction. 

The experiments dealing with the physical and mechan- 
ical condition of the Cyanogas Calcium Cyanide showed that 
the amount of hydrocyanic acid gas evolved in a given time 
was a function of the surface of the Calcium Cyanide exposed. 
Cyanogas ‘‘A” Dust, under controlled conditions, evolved 
about twice as much hydrocyanic acid in four hours as did the 
Cyanogas flakes. Cyanogas Calcium Cyanide granules and 
“G” Fumigant occupied intermediate positions. It was also 
found that the evolution of hydrocyanic acid gas from Cyano- 
gas ‘‘A” Dust was a function of the surface exposed and not of 
the quantity. Thus a charge of Cyanogas “A^’ Dust spread 
out in a layer 1/16 of an inch in thickness gave a higher con- 
centration than the same quantity of “A” Dust spread out in 
a layer 1/8 of an inch thick and this, in its turn, gave a higher 
concentraton than a layer 1/4 of an inch thick. 
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Citrus Fumkjatfon With Calcium Caa.nidh 

In 1886 the first fumigations of citrus trees were con- 
ducted in California by acting upon potassium cyanide with 
sulphuric acid in fumigatiitg jars. In later work sodium 
cyanide was substituted for potassium cyanide, and more 
recently liquified hydrocyanic acid came into commercial 
use. Idle use of Calcium Cyanide as a source of hydrocy- 
anic acid gas is the latest and most modern method of fumi- 
gating citrus trees. 

EFFECTIVENESS OF HYDROCYANIC ACID FUMIGATION 

Fumigation with hydrocyanic acid gas is recognized as 
the most effective method of control for the numerous scale 
insects infesting citrus trees. Professor R. S. Woglum in 
Farmers’ Bulletin No. 1321 of the United States Department 
of Agriculture says: “The use of hydrocyanic acid gas in 
fumigating plants for the destruction of insect pests is one 
of the most important discoveries in the field of insect control. 
No other known gas having so wide a range of usefulness so 
quickly destroys insect life. Nearly every year new sprays 
liavc been offered in competition with the gas method, but 
fumigation has outlived them all and hydrocyanic acid gas 
is today, even as thirty years ago, by fa^r the most widely used 
and most effective of all insecticides for scale control on 
citrus trees on the Pacific coast.” 

Hydrocvanic acid gas is now used for scale control in 
United States, Australia, South Africa, Egypt, Spain, Pales- 
tine and Japan. 

HOW TO FUMIGATE 

EQUIPMENT FOR COVERING THE TREES 

When citrus trees arc to be fumigated they arc covered 
by a canvas tent to retain the hydrocyanic acid gas for the 
necessary period of time. Flat cloth tents are used. These 
should be of a tight weave, light in weight, but of sufficient 
strength to prevent tearing in covering the trees. In the United 
States a special, closely woven eight-ounce duck is used. 'To 
avoid excessive weight, 40 foot tents or larger may be con- 
structed from eight-ounce duck centers and the “wings” or 
“skirts” of seven-ounce duck or drill. The tents are square 
or octagonal in shape. Several different sizes arc necessary 
to accommodate the trees of various dimensions. The most 
common tents used in the United States are 36, 41, 43, 45, 48, 
50, 52, 55, 64, 72, and 81 feet between the parallel sides. 
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In order that the distance over the top of the tree may be 
read directly, the tents are usually marked in feet, as shown 
in Fig. 4-1. The marks should only be put on after the 
tent cloth has been shrunken b^ spreading it out flat in the 
open and saturating it with water. 

Two poles are used in pulling the tents over the trees. 
They should be about 2 inches in diameter and from 14 to 
18 feet in length. 

The pulling ropes which are attached to the top of the 
pole should be 3/4 to 1 inch in diameter and about 3 feet 
longer than the pole with which it is to be used. 

HOW TO COVER A TREE WITH THE TENT 

Lay the tent out beside the tree. To prevent the seams 
of the tent from pulling apart, it should be arranged so that 
it is pulled in the same direction as the seams run. At each 
side make a double lap of the tent over the end of the pole 
and attach it to the pole by a half hitch of the rope. After 
the tent is thus attached the bottom of the poles are held in 
place by the foot of the operators while they pull the tent 
up. They then gradually move backward as the tent comes 
over the top of the tree and falls in place. The bottom of 
the tent should be kicked in and should be close to the ground 
at all points. This procedure of placing the tent over a tree 
is illustrated in Fig. 1-1. 





Fig. 1-1 — Successive stages in placing a tent over a tree with ])()les. (After 
Woglum, U. S. D. A. Fanners’ Bulletin 1321). 
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Fk;. vvl. — Shcrt-perii k 1 Fumigation of i) ranine 1 rce> uiulcr lor Aphids. < )rlaiido. Morida. 
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HOW TO MEASURE THE TREE AND TO DETERMINE 
THE DOSAGE 

The amount of material necessary to fumigate a given 
tree is determined by measuring the distance over the top of 
the tent and the distance around the bottom. The distance 
over the top may be measured by a tape line or by the marked 
tent previously described. When a marked tent is used the 
line should pass directly over the top of the tree. Read the 
numbers where the line touches the ground on the opposite 
sides of the tree. The sum of these two numbers is the dis- 
tance over the top. 

The distance around the bottom is measured by a tape 
held about 3 feet above the ground. Pacing the distance 
around the tent is not sufficiently accurate. After the dis- 
tance over and the distance around have been measured, the 
proper dosage is determined by referring to a dosage chart. 
Such charts were developed after years of experimental work 
by determining the amount of sodium cyanide to use per 100 
cubic feet of tent space which would furnish efficient insect 
control with safety to the tree. Using this amount as a stan- 
dard, the dosages required for different sizes of trees were 
charted on the basis of the distance over and the distance 
around the tree. These charts have served as the basis for 
commercial fumigation with sodium cyanide. When liqui- 
fied hydrocyanic acid was developed the same dosage charts 
were used. The figures given in these charts in terms of 
ounces of sodium cyanide are also used to designate units of 
liquified hydrocyanic acid, each unit consisting of 18 cc. 

DUST FUMIGATION OF CITRUS TREES 

Professor H. J. Quayle of the Citrus Experiment Sta- 
tion, Riverside, California, conducted experiments with 
Cyanogas Calcium Cyanide Dust for fumigation of citrus 
trees in August and September, 1922. This was accomplished 
by blowing the finely powdered Cyanogas Calcium Cyanide 
under tented orange and lemon trees. The note indicating 
■the results of this preliminary work appeared in The Journal 
of Economic Entomology, Vol. 16, No. 3, page 327, June 1923, 
and is reproduced together with a second note referring,: to 
these experiments which appeared in the Report of College 
of Agriculture and Experiment Station, University of Cali- 
fornia, July 1, 1922, to June 30, 1923, p. 99.: 
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Calcium Cyanide Dust as an Insecticide. In August and September, 1922, 25 or 
30 orange and lemon trees were fumigated by blowing finely powdered calcium cyanide 
under tented trees to determine the effect of such material on citrus trees and on the 
scale insects infesting them. The trees were infested with the black, red and citricola 
scales and a complete kill of these scales was effected without any injury to the trees. 
Other trees were fumigated in the same way later in the season when rains and 
moist weather followed with the result that, while the scales were killed, some injury 
to the trees was apparent. The injury, howi'ver, appeared to l)c only temporary. 
During a dry period in January, one or two other trees w^rc fumigated without in- 
jury. Moisture seems to be an imjiortant factor in connection with the possible use 
of powdered calcium cyanide as a tree fumigant, and further w'ork to detennine its 
effect is now in imogress. 

Powdered calcium cyanide lias also been used as a soil fumigant, and results thus 
far indicate that this form of cyanide is well adapte<l for soil fumigation. Ilydro- 
cyanic acid gas is readily given off and the pow’der is easily a))plied in the soil. It 
would be possible to apply it in the soil on a large scale by means of a drill. 'Voolly 
aphis and other soil infesting in.sects have been killed with the use of 2 oz. per sq. yd. 
Little has been detennined thus far as to the effect of the f^owder on the roots of 
trees l)ut the indications are that it is less injurious than a solution of any form of 
cyanide. 

A few preliminary experiments have also been made with the peach root-borer. 
Where the material was applied directly to the tree a good kill of the borers resulted, 
but the effects on tlie tre(‘ remain to be determined. It is also planned to make tests 
against nematodes where these occur with normal crops. It has already been used 
with considerable success against ground squirrels. 'I'lie UnivcTsity of California 
Citrus Experiment Station is engaged in an investigation of the uses of pow’dered 
calcium cyanide as an in.secticlde and, at the present time, the work has proceeded 
far enough to indicate nv.niy sonu' of the possibilities rather than to make any 
definite claims supporti'd by sufficient data. 

If. |. Quaylk, Citrus Experiment Station, Riverside, Calif. 


Rumigaiion v:ith Calcium Cyanide Dust . — A new system of fumigation for 
the control of scale pests on citrus trec^ h:is been developed by II. J. Quu,ylo 
and H. Knight, assisted by F. C. Greer. This consists in discharging under 
a tented citrus tree, by means of a suitable dusting machine, a given quantity 
of finely pulverized calcium cyanid Ca(CN)2. The dust fills the entire tented 
area, each minute particle giving off hydrocyanic acid gas. Unlike present 
fumigation methods wriih liquid HCN in which the giia becomes increasingly 
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diluted with air as it diffuses through the tent and thus does not reach the 
insect at its highest concentration, calcium cyanid dust generates IlCN gas 
at the }M)int of contact with the scale. The gas is generated gradually and 
uniformly in all parts of the tent at once, reaching its highest concentration 
in iiibout 40 minutes, although after the first five minutes the concentration 
increases only slightly. A killing concentration is thus maintained throughout 
the entire exposure. Trees infested with l>la<’k, citricola, and red scale when 
fumigated by this rnotliod in diy weather, were entirely freed of scale and 
showed no injurious effect. 

Moisture seems to bo a limiting faitor, however, in tlu! possible use of 
calcium cyanid dust as a tree finnigaiit. Jbiriiing and heavy leaf drop have 
occurr6d when rain followed the fumigation. The injiiiy, however, appeared 
to be only temporary. Tests are being iindortaken to determine whether this 
tendency to injury can be overcome; if not, then tin? use of this dust will In; 
limited to sections whore dry atmospheric conditions prevail. 


Kdfly in 192.^ IVofcssor Quaylc went to Australia to 
eonduet experiments witli Caleiiim Cyanide and the work 
in California was eontiniied by our Mr. IC R. Ilulbirt. lie 
defined the conditions of temperature and moisture under 
which dust fumit>alion of oraipejes and ii;rape fruit might he 
safely eondueted in certain sections of ('ali fornia, and the 
dosage rciiuired. In a series of experiments analyses w^ere 
made for HCN present in the dust residue remain- 
ing on the lea\es of fumig:ited trees. d1ie samples wx‘re 
eolleeted after tlie tents w'cre removed, in 2 hours, and in ? 
hours. d1ie average amount of IICN w^is found to he 2'^ 
or less at the time the tents wx*re pulled, lie found that the 
cyanide content of the residue was notieeahly higher in late 
afternoon and evening than it was for the earlier part of the 
day. This result did not seem to have any relation either to 
the relative humidity or the temperature. Another peculiarity 
w^as the fact that the injury to orange trees had no apparent 
relation to the cyanide content of the residue cither at the time 
the tent was removed, or at the time dew was formed on 
the trees. 



DOSAGE TABLES FOR 
CYANOGAS CALCIUM CYANIDE DUST 


In the early fumigation work with C^yanogas Calcium 
Cyanide the dosage reejuired for a tree was determined 
on the basis of the dosage tables for liquihed hydrocyanic acid 
then in use in California. It was felt that the dosages of 
Calcium Cyanide Dust whicli should be used would be as 
large as those used for the li(]uified hydrocyanic acid since the 
active fumigant in each case was hydrocyanic acid gas. 
Since Cyanogas Calcium Cyanide contained only half as 
much cyanogen as sodium cyanide one ounce would evolve 
a quantity of hydrocyanic acid gas equivalent to only half a 
unit of licjuihed hydrocyanic acid, hence the dosage used was 
twice that shown on the li(|uid chart. For instance, in fumi- 
gating a tree which was 14 feet over and 16 feet around, 4 
units of li(|uified hydrocyanic acid would be used, but on the 
basis of an cxiuivalent amount a dosage of 8 ounces of Cy- 
anogas Calcium C'yanide would be used. However, as 
a basis of the work in California, embracing hundreds of 
experiments covering a period of three years, it wnis found 
that an eciuivalent amount of Cyanogas Calcium Cyanide 
was not necessary, but that 75'^ of this amount of Cyano- 
gas Calcium Cyanide would give a satisfactory kill of the 
insects. Hence in fumigating a tree of the size just mention- 
ed it would only be necessary to use 6 ounces of Cyanogas 
Calcium C'yanide instead of 8 ounces. On this basis dosage 
4'able I has been computed in terms of ounces of Cyanogas 
Calcium Cyanide ‘‘A” Dust. In calculating the dosages in 
this table, the California li(|uid schedule has been used as a 
standard since the highest (losages in the world are used in 
California. 

I'able 11 is for use in the humid coastal regions of 
New South Wales, where a lighter d(;se than that given in 
our regular dosage chart is advisable. 44iis chart is based 
on Allen’s No. 2 rable, published by the Department of 
Agriculture of New South Wales in 1923. hh'actions have 
been eliminated since it is diflicult for the fumigator to read 
them at night and few scales used in the field are accurately 
graduated in fractions of an ounce. Fractions less than half 
an ounce have been dropped, while those of half an ounce or 
over have been considered as one ounce. 
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Since f iiniigntioii work in Ki^ypt is based on dosai^es in 
terms of ;j;rams rallier tlian ounces, d'ahle 111 is ^iven. d'he 
dosai^es are e^juivalents in <i;rams of ounces as given in the 
regular Cyanogas C ah ium C'yanide chart, 'Table I. 

Table I \' is fni* use in those* countrit‘S, such as Spain, 
wdiere the d.osage is measured in grams and the tree dimen- 
sions in meters. 

APPLICATION OF THE CALCIUM CYANIDE 

In the early work C'alcium C'yanide was either weighed 
out or measured out aiul the correct dosage j>laied in the 
duster and blown under the tent. /\ duster capable of meas 
ui ing the exact dosage* has been develop(‘d and is being used 
in Australia. Another machine which will measuie tin* 
reejuired dosage is now being developed in the Ihnted States. 

EXPERIMENTAL WORK IN AUSTRALIA 

Toirly in Trofessor II. J. (Juayle wetit to Australia 

to conduct c\|’)erimenlal work in that couiUrw 'The fumiga- 
tion with Cyanogas Calcium C'yanide dust was started 
in Australia at Leeton, New South Wales, on March .?7, 
Lccton is one of the centers of the M urriimbidgee Irrigation 
Area, the largest irrigation scheme in the C'ommon wc*a 1th 
which will eventually inc lude about a half million ac rc*s. 
d'his area is approximately 400 miles west of Sydney, Xew 
South Wales and a somc-what less distance north of Mel- 
bourne, Victoria. I’umigations on six different fauns, em- 
bracing between 200 and 300 acres, established a dosage 
equivalent to 1.33^ of our C'yanogas C’alcium C'yanide 
schedule with usual length of exposure (43 to 30 min.). 11 is 
temperature ranges were S3'’ to SO" and relative humidity 
ranged from 37A to 53' <. 'The fumigations took place be- 
tween 5.00 V. M. and 4.00 A. M. lie experience*! no com- 
mercial injury and a scale kill of 9SA' to lOOL'. 'Tlie account 
of Professor Cjuayle's experiments, by Mr. K. (A .McKc'own, 
is taken from 'I'he TAuit World of Australasia, V'ol. XXIV^, 
No. 8, August 1923, p. 288, and is reset because of the ar- 
rangement in the original publication. 



1-18 


‘‘Fumigation of Citrus Trees'" 


POTASSIUM CYANIDE METHOD SUPERSEDED 


SUCCESSFUL TESTS WITH CALCIUM CYANIDE 


By Keith C. McKeown 

‘'The visit of Professor H. J. Quayle, Entomologist of the 
University of California, to Australia, is one which should 
prove of the greatest interest and importance to the fruit- 
growers of Australia, since he is introducing a new method of 
combating pests, and in particular Red Scale, which is one of 
the greatest pests the citrus orchardist has to fight,” writes Mr. 
Keith C. McKeown. 

“The method in use — fumigation with Calcium Cyanide 
— although new to Australia, has been in use for some years 
in California, where Professor Quayle evolved this new 
method of fumigation, and has carried out exhaustive experi- 
ments, which have been attended with notable success, not 
only in the control of scale insects, but also for the destruction 
of Aphis on Melons and Thrip on Onions; also as an efficient 
soil fumigant. 

“Professor Quayle has spent four months on the Murrum- 
bidgee (N.S.W.) Irrigation Areas during the last season, 
carrying out experimental work under local conditions, and 
I desire to express my appreciation and thanks to him for his 
courtesy in supplying me with full particulars and giving 
me every opportunity of seeing the work carried out and 
keeping track of his experiments. 

“Fumigation With Calcium Cyanide Supersedes the old 
method, which is at present that generally in use, i.e.. Potas- 
sium Cyanide, Water and Sulphuric Acid. The finely pow- 
dered Calcium Cyanide is produced in Canada at Niagara 
Falls by the American Cyanamid Co., of New York. 

“The method of treatment is as follows: — The tent or 
sheet is placed over the tree as in the case of fumigation with 
Potassium Cyanide; there is not the necessity to place earth 
on the skirt of the tent. The ground under the trees should, 
however, be kept clean from weeds, etc., as these allow the 
gas to escape. The powdered Calcium Cyanide is applied 
by means of a small distributing machine; in the case of that 
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usc(1 (luriiiLij the tests, home m;iile, eoiisistine; of a small Hiiflalo 
Blower mounted behind a hof'jfier, in whieh a brush re\ ohes 
to keep tlu‘ powder from ilo^i^ine;, and litted with a small 
‘\i^ate" by means of whieh the feed can be eut off. h'rom this 
cxteticis a lenL:;th of rubber hose. The whole is mounted on 
a pair ot li;i;ht wheels, and can be drawti by haml from tree 
to tree, b'or eonxenienee, a container foi- the stock of C\il 
eium Cyanide ami a small set of scales arc* carried on th(‘ 
truck. 'The C'alcium (wanide is wed^hed and the' necessaiy 
charge placed in the hopper; thc‘ end »)f the hose held uniier 
the skirt of the tent and a few' turns of the handle of tlu‘ 
blower delixeis the* chari^c'; the line |'>ow'dco‘ can be seem 
issuifiii; from the end of the hose like ,^rev smoke, d lu' whole 
operation occupies only a few' secomls. 'Idle duration of the 
exposure of the tree to the ;.;as is the same as for fumii^ation 
with lh)tassium C. x anide 45 minutes. The expeditious 
handliuL!; is in strong contrast to the time occupied in measur- 
ing and mixing the materials for each tree inseparable from 
fumigation with Potassium Cyanide. 

“44ie (juantity of C'alc ium C yanide used per tree is the 
same as foi' i*otassium C'yanide, but there is no water or acid 
used; the C'alcium C'yanide liberating Hydrocyanic \c\(\ 
(bis on contact with tlie air. This, with Sult>huric' Acid, is 
7 6 per gallon, means a c'onsi<ierablc saving alone; besidc's 
the fact that the C'alcium Cyanide costs Sd. per 11). against 
17 to 1 9 per lb. for Potassium C'yanide, giv ing for an average 
tree a cost foi- materi.ils of 3ii. as against lOd. in favour of the 
Cailcium C yanide*, d'he aliove costs are calc ulated on the cost 
of the materials landed at Peeton, X.S.Wd Another fact w'hic li 
must be taken into considei aticm is that there is no ac id to burn 
the tents, and thus shorten the life of the most costly part «)f 
fumigation e( jui [iment. 

“ There is no doubt that fumigation with Calc ium CAaniile 
can be worked satisl aclorilv under favourable weatlier con 
ditions, but fumigation must l)c stopjied on the break of the 
season. Wdth trees fumigated in dry w'eather, there W'as a 
complete kill of the scale, w ith full dosage, with no injury to 
the tree, but the trees treated in wet weather, slight leaf drop, 
which, altfiough not sericujs, showed that it was time to stop 
operations with the C'alcium C'yanide and continue where 
necessary with the '‘pot method” with the Potassium C'yanide. 

“Lemon trees proved particularly susceptible to injury if 
fumigated in damp weather. 
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^^Calcium Cyanide is more restricted to favourable weath- 
er conditions than Potassium Cyanide. Its use is undoubted- 
ly successful in dry districts under such conditions as prevail 
on the Murrumbidgee Irrigation Areas and many districts 
inland — where it will go far in solving Australia’s fumiga- 
tion problems. 

‘‘Further experiment is necessary to prove if it can be 
satisfactorily applied in the humid coastal districts, but even 
there in dry seasons it should be effective.” 

This method of citrus fumigation so appealed to the 
Water Conservation and Irrigation Commission of Leeton, 
New South Wales that arrangements were completed with 
Mr. F. F. Russell, a gentleman who had worked with Pro- 
fessor Quayle, to continue fumigation work in the Area on a 
contract basis. (Sec Figs. 4-1 and S-1). During the 
season of 1924 a total of 4,163 orange trees and 400 lemon 
trees were successfully fumigated by Mr. Russell. 

In January and February 1924, Professor W. J. Allen, 
Fruit Expert and Professor W. B. Stokes, Agricultural De- 
partment, New South Wales, conducted some experiments 
at Lismore in the humid coastal region of New South Wales. 
The reprint, giving the results of these tests is taken from 
Agricultural Cazette of New South Wales, Vol. XXXV, 
Pt. 8, Sept. 1924, p. 664. They used dosages of 33% to 1007© 
of our standard Cyanogas Calcium Cyanide dosage chart. 
They obtained a satisfactory kill of red scale and full grown 
wax scale with the 33'% dosage and of white lice by 66% 
dosage. They have not reported if smaller dosages will kill 
the white lice. 

Professor S. A. Cock, Citriculturist of the Victorian 
Government, visited Leeton, New South Wales during the 
1924 season and after carefully investigating the Cyanogas 
Calcium Cyanide dust method of fumigation as demon- 
strated in the commercial work, reported in favor of this 
method. New regulaticuis were incorporated in the Vegeta- 
tion Diseases Act which gave power to the orchard super- 
visors connected with this branch of the industry to inspect 
orchards and determine whether fumigation was necessary to 
ensure the proper control of pests. The Victorian Department 
of Agriculture provided experienced gangs of men with neces- 
sary equipment who fumigated orchards at a price based on 
the size of the trees. Professor Cock at the close of the 1925 
season reported that his gangs had fumigated over 18,000 
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trees and that they planned to fumigate ^6,()()0 trees the next 
season. He reported that in no ease had tliere been serious 
injury to fruit or foliage of oranges, but that in one fumiga- 
tion there was considerable burning and defoliation had re- 
sulted from fumigation of lemons. The dosage used in 
Victoria has been based on the use of one ounce to lOO cu. ft. 
of tent volume. At the close of the 1925 season over 25,090 
citrus trees have been fumigated in Australia with Vyanogas 
Calcium Cyanide dust. All fumigations in Australia have 
been conducted in late afternoon or during the night. 

EXPERIMENTAL WORK IN FLORIDA 

In the hdorida citrus district C\vanogas Calcium 
Cyanide dust came into prominence as an effective control 
measure for the citrus aphis {Aphis spirfia ohi) during the 
severe outbreak of 1924, i^'ig. 2-1. I()()L kills of the aphis 

were obtained with a dose applied to tented trees for a short 
period (2 or 5 min.) Fig. 5-1. kAimigation, either by the 
pot method or with licjuihed hydrocyanic acid gas, has never 
been commercially successful in Florida. It would seem 
that several factors have militated against the adoption of 
fumigation as a general grove practice. The growers have 
never made a serious concerted effort to market their fruit in 
an absolutely scale-free condition because their market ab- 
sorbed their product at a price which brought them a reason- 
able profit. Another factor, the high humidity with attend- 
ant heavy dews, produced a condition unfavorable to fumi- 
gation. 'The possibility of daylight fumigation seems nexer 
to have been thoroughly investigated. Consecjuently the 
growers, in general, relied to a considerable extent upon 
natural enemies in the form of parasitic insects and fungus 
diseases, or upon the use of oil sprays to hold the scale and 
mealy bug in check. 

The experimental work in Florida was started in 1925 
by \Ir. S. W. Bromley who began a study of changes in 
temperature and relative humidity resulting from tenting a 
tree. Later Air. R. W. Kelley and Air. F. K. 'Fodd con- 
ducted the work, already noted, on the control of the citrus 
aphis, and also preliminary experiments in the control of 
scale insects, white flies, and the rust mite by open air dusting. 
The work was started by using Cyanogas ‘W” Dust, but, 
in order to meet the need for an insecticide which would 
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eflFectively control the rust mite Cyanoii^as Citrus Dust was 
developed. This was accomplished by incorporating sulphur 
in the material since it was known that sulphur was effective 
against the mite. Cyanogas Citrus Dust was found to be 
effective not only for the mites but also their eggs. 

It was soon found that open air dusting with Cyanogas 
Citrus Dust was no more effective in the control of scale 
insects and white flies than spraying. In order to obtain a 
more perfect control, experiments were conducted in the 
fumigation of trees under tents. The work was conducted 
in daylight to avoid the heavy dews and unfavorable night 
conditions. The first experiments were with heavy dosages 
for short periods of time but later work indicated the advan- 
tages of a lighter dosage for a longer period of time. 

The following observations may be made on the basis of 
our experimental data. I3aylight fumigation is practicable 
in Florida for oranges and grape fruit. No serious injury 
has resulted from fumigation at temperatures ranging from 
70'' to 90'’ Fahr. with the relative humidity ranging from 38 
to 73 per cent. I'umigation should be atlministered, as far 
as possible, outside of the regular rainy season and when the 
tree has little or no young growth, d'he dosage used was 
that called for by our standard Cyanogas Dosage Chart but 
Cyanogas Citrus Dust was used instead of Cyanogas “A” 
Dust, the material normally used for citrus fumigation in 
other parts of the world. With a normal exposure of 43 
minutes 98 to lOO'e control of citrus insects was obtained. 

EXPERIMENTAL WORK IN SOUTH AFRICA 

The fumigation of citrus trees with hydrocyanic acid 
gas has become an established practice in South Africa. 
Until the recent introduction of Cyanogas Calcium Cy- 
anide, the fumigation of citrus trees had been done with 
sodium cyanide and acid or with liquified hydrocyanic acid 
distributed in glass, ampules. During 1925, our iVIr. R. O. 
Wahl has conducted an extensive series of experiments, hav- 
ing fumigated over 700 orange trees at the present time. 
Table V gives the summary of fifty of these experiments. 
This will serve as an indication of the type of citrus fumiga- 
tion experiments which are being conducted in the various 
parts of the world. 

It should be noted that in South Africa a much lighter 
dosage of sodium cyanide than that used in California is 
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effective for scale control. The dosages given in Lounsbury’s 
Table in the Journal of the Department of Agriculture, Union 
of South Africa, May, 1921 arc relatively 25 per cent of the 
California schedule for small trees and gradually increase 
with the size of the tree until about 60 per cent of the Cali- 
fornia schedule is used. 

Our experiments have shown that a dosage of Cyano- 
gas which is 25 to 30 per cent of the regular Cyanogas 
Calcium Cyanide Dosage Chart will furnish an efficient kill 
of scale on small trees in South Africa. In April and May, 
daylight fumigation has been carried on successfully after 
10:00 A.M. with no more injury to the tree than is normally 
experienced with other methods of hydrocyanic acid gas 
fumigation. In the bulletin cited above, Lounsbury makes 
the following statement regarding injury from cyanide fumi- 
gation. “The killing back of tender twigs for several inches 
and the dropping of some of the oldest leaves is to be expect- 
ed ; and when this damage docs not occur it is advisable to 
increase the dosage in further work”. From this statement 
it will be seen that leaf-fall and tip burning is not considered 
serious in South Africa. One should not infer from the 
above statement that a satisfactory kill of scale insects cannot 
be obtained without injury to the tree but that a certain 
amount of tip burning and leaf drop is not serious. 

SAFE CONDITIONS FOR 

CYANOGAS CALCIUM CYANIDE DUST FUMIGATIONS 

Most fumigations are conducted with a 45 minute ex- 
posure. In most countries fumigations are conducted at 
night time or in the late afternoon of a cloudy day. Calcium 
Cyanide may be used safely for the fumigation of orange and 
grape fruit trees under conditions which arc safe for fumi- 
gations in which sodium cyanide or liquid hydrocyanic acid 
are used. 

The order of susceptibility to injury appears to be 
Lemons, St. Michael’s Orange, Valencia Orange, Naval 
Orange, Grape Fruit. 

The fumigation of lemon trees is attended with some 
risk of injury the reason for which we have not as yet obtained 
a satisfactory explanation. In Australia lemon trees are 
frequently fumigated with Cyanogas Calcium Cyanide with- 
out serious injury. 
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TAllLE V.-CiTRUS Fl'MKiATlOX Al" 




Size 
Over x 
Around 


14x17 

16x16 

14x15 
17x16 
16x17 
14x16 
14x16 
16x17 
14x16 
13x15 
14x15 
12x12 
13 X 15 
14x14 
13x14 
11x10 
12x12 

15x15 
15 X 17 
15x13 
14x14 
16x15 
15x18 


16x17 

15x15 

12x14 

15x15 

10x10 
lOx 9 
9x11 
13x13 


15x16 

16x17 

14x14 

14x13 

14x14 

12x11 

11x10 

10x11 

13x14 

17x17 

15x15 

14x15 

8x11 

13x13 

14x15 

13x15 

14x13 

14x15 

15x16 

12x13 

13x14 


Dosage 

Time 

53 

r 

Temp. 

1 % Cyan- 


G w 

Dry Wet 

OC.AS Chart 

On Off 

H d 
rt 

tfl w 

DA ozs. 

,2.25 p.iii.- 1.05 p.in. 

40 

()H-57 

lA “ 

3,40 p.m.- 4.20 “ 

40 

67—57 ! 

1 

lA “ 
lA " 

3.45 p.ni,- 4.25 " 

40 

67-57 

4,25 p.m.- 5.10 

45 

62—55 ' 

1/2 “ 

4,30 p.ni,- 5.15 " 

45 

62-55 

lA " 

5.30 p.m.- 6,15 

45 

59-54 

! 1/4 “ 

5,35 p.m,- 6.20 “ 

45 

59-54 

6,20 p.m.- 7.05 

45 

58-54 

i 1/4 

6,25 p.m.-' 7.10 

45 

5M4 

' 1/ " 

7,10 p.m,- 7,55 

45 

56—53 

! 1/4 “ 

7,20 p.m,- 8.05 “ 

45 

56-53 

1/4 " 

8,05 p.m.— 8.50 

45 

55-52 

1/4 " 

8,15 p.m,- 9.00 

45 

55-52 

1/4 “ 

9.00 p.m.- 9.45 " 

45 

52—51 

1/4 " 

1 “ 

9,10 p.m.- 9,55 

45 

52—51 

9.50 p.m.-10,35 

45 

M-50 

1/4 “ 

10,00 p,m.-10,45 " 

45 

51-50 

1/4 “ 

1/2 “ 

10,45 a,m.-ll,25 a.m. 

40 

66-56 

10.50 a.m,-11.30 

40 

66-56 

1/4 " 

11.30 p.ffl.-12.10 p.m. 

40 

65-55 

1/4 “ 

11,35 a.ffl.-12,15 " 

40 

65 — 5o 

1/2 “ 

12.15 p,m,-12,55 

40 

68-57 

1/2 “ 

12,20 p.m.- 1,00 “ 

40 

68-57 

1/2 “ 

2.40 p.m,- 3.20 

40 

70-57 

1/4 “ 

2,45 p.m,— 3,25 “ 

40 

7tk-57 

1/4 

3.25 p.m,— 4,05 

40 

67-56 

1/4 " 

10.40 a,m.-11.20 a.m. 

40 

64-56 

1 “ 

10.45 a,m,-11.25 “ 

40 

64-56 

1 “ 

11,25 a.m,-12,15 p.m. 

50 

6(D-56 

1 " 

11,30 a,m.-12,20 “ 

50 

66-56 

1/4 “ 

12.20 p.m.- " 1,00 " 

40 

69-57 

1/4 “ 

12,25 p.m,- 1.05 “ 

40 

69-57 

i 1/2 " 

1.15 p.m,- 1,55 “ 

40 

6a-57 

1/4 “ 

1/4 '■ 

1,20 p.m,- 2,00 “ 

40 

68-57 

2,10 p.m- 2,50 “ 

40 

6M7 i 

lA 

2.15 p.m.- 2.55 “ 

40 

68-57 

1 " 

3.00 p,m.- 3,40 “ 

40 

68-57 

1 “ 

3.05 p.m- 3.45 “ 

40 

68-57 

1 “ 

1/4 " 

3,45 p.m,- 4.25 “ 

40 

66-56 

3.50 p.m- 4,30 “ 

40 

66-56 

lA 

4,35 p.m- 5,15 “ 

40 

64-55 

lA " 

1/4 '■ 

4,40 p,in.- 5.20 “ 

40 

64-55 

5.20 p,m,- 6,00 " 

40 

60-54 

1 " 
lA ■' 

5,25 p.m,- 6.05 " 

40 

60-54 

10.25 ;Lm.-11.05 a,m 

. 40 

71-54 

1/4 “ 

10.30 a.m.-11.10 “ 

■ 40 

71-54 

1/4 •' 

11.10 a.m.-11.50 “ 

40 

72-55 

lA " 

11.15 a.m.-ll,55 “ 

40 

72-55 

1/4 “ 

11,55 a.m,-12,35 p.m 

. 40 

73-55 

1/ " 

1 lA “ ■ 

12 noon -12,45 p.m 
■ 12.45 p,m.- 1.30 “ 

. 45 

73-55 

45 

74-56 

1 ■■ 

: 12.55 p.m- 1,40 “ 

45 

74-.56 
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do 

do 

do 

do 

do 
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do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


do 

do 

do 

do 

do 

do 

do 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
leaf Fall 
Young Shoot] 
Burnt 
Slight 
Slight 
Slight 
Moderate 
Slight 
Slight 
Slight 
I'airly Hvy. 
(tree in pooij 
condition) 
Fairly Hvy. 
Moderate 
Moderate 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Slight 
Moderate 
Moderate 
Slight 
Slight 


Very Cloudy 

Fairly Cloudy 
Sky Clear 


Fairly Cloudy 
Fair Breeze 


Sky Clear 


Strong Breeze 


Soft Breeze 


Sky Clear 
Strong Breeze 


Leaves of Trees were 
Mottled 
Soft Breeze 


NoTE;-Red Scdk-Clirysonif>lialiis rnmnlii Mask. ' 
Circular Purple Scalt-arvMii, L. ' 
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ADVANTAGES OF CYANOGAS DUST FUMIGATION 

1. SiinplicitN of application. 

2. I^ffrcti\c (ji\cs practically lOOS kill of 
scale and other citrus pc‘sts. 

v Docs away xcith use of acid with conse 
(juent lonii^er life to tents. 

4. Cain he used under practically sanic ca)n 
ditioiis as old methods as far as safety to 
tree is concerned. 

5. (ireater safety in handlin;.^. 
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TABLE VI 

A list of citrus insects which have been controlled in 
various countries with Cyanogas Calcium Cyanide. 


C itrus Insects 

( alifornia Red Scale 

1^’lorida Ked Scale or C.,ir- 
cnlar Purple Scale 

\ el low Scale 

r^irple Scale 

PoniL^' Scale 

IClack Scale 

Ptrown Scale 

Wax Scale 

('oltoiiv C’lisliion Scale 
C itrus White h^ly 
Rust Mite 
While Louse 
C'itrus .Aphis 


Clirxsonipluilus (lurantii Alask. 

(. Iirxsoinpliahts aonidmn Linn. 
Clirvsoinplidlus citrinus C.'oq. 
Lepidosaphes bcckii Newni. 
Lcpidosaplies (jlovcrii Pack. 
Saissclia olenc J-lern. 

Coccus lies perid urn Linn. 
Ccropluslcs floridcnsis Com. 
Iccrxa purcliasi Mask. 

. lie yr odes s]). 

Hr {op lives oleivorus Ash. 
l\scudocoeciis sp. 

Aphis spiraeenla Patch. 
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1 

1 
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X 

X 

X 



X 
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X 

X 

i- 

-X 

X 

X 

X 

X 

X 

X 

1 

X 

X 

1 

I 

X 

X 
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Calcium Cyanide for Citrus Fumigation. 

A Comparison with Sodium Cyanide. 

\V. J. ALLEN and W. B. STOKES. 

In the Agricultural Gazette for December, 1923, some trials were reported 
that had been conducted on Murrumbidgeo Irrigation Arcja with calcium 
cyanide as a fumigant for citrus trees, and mentioned that experiments 
would be conducted in some coastal district where the humidity of the 
atmosphere — of particular importance in fumigation with calcium cyanide — 
is greater.' 

It is the piirposo of this article to set out tho results of experiments con- 
ductod in the orchard of ilr. J. R. Cliapman at Lismore ii) January and 
February, 1924, to compare the calcium cyanido dust treatment with the 
sodium cyanide method, and to determine the erffocts of the calcium cyanide- 
under conditions of high relative humidity. 

To determine the relative humidity a dry and wet bulb thennoraeter was 
used. Varying dosages of calcium cyanide were given, os it was thought 
that tliose recoinmendt?d aiTpoiired too high. For the sodium cyanide ^treat* 
meut the revised tabic of 1903 w-as U9(,>d without any variation of dosages. 
Owl’s Fumigation Chart, Azusa, California, was used as a basis with the 
calcium cyanide dust method. 

Certain instructions, as follows, are giveai in connection with the use 
of these calcium cyanide dosages: — 

In cslciuni cyanide dust fumigation the tree is covered oafor ordinary fumigation, and 
the dosages estimated in the same way. Tlio distance over tho tree from ground to 
ground, and the di.stance round the tree at a height of 3 feet are determined and referred 
to tho attached chart. For example, a tree measuring 32 feet over aruj 36 feet round 
requires a dosage of 10 oz. as siiowu on the chai t. For a full regular dosage of calcium 
cyanide, multiply the chart number by 2. Thus tho tree whose dinionsions were just 
mentioned would require 20 oz. of calcium cyanide. 

Experiments to date have shown that a 70 per cent, dosage will l>o sufficient. Tho 
above dose (20 oz.) is coasidored 100 per cent, dosage, hence a 75 per cent, do.sago will 
bo 75 per cent. 20 oz. 15 oz. Uood results have been obtained with .W per cent. d(».Hagc.s, 
but tho results are not constant enough to bo recommended. Tho required quantity oi 
calcium cyanide is then weighed out, put into the duster, and bl-)wn under tho tent. 
The dust may be applied in the same wav using a dust machine, in which a mcM.-nring 
device has been incorporated. 

The dust should Iw uniformly distributed throughout the tent, and this may bo eccora- 
plished by tiischarging it vertically upwards from tho ground near the centre of tho tented 
area. The tent should bo left on tho tree for the usual time following the dust ap[)lication, 
namely 45 minutes to one hour, 

Furthet instructions given are: — 

Many experiments in California have shown that there ia a direct relationship Ixjt’aecn 
the relative humidity and the injury to tho trees. In daylight fumigation the relative 
humidity at the time of fumigation should bo 40 per cent, or less. This is particularly 
true of work at high temperatures. Late in the afternoon as the temperature drop« the 
relative liumidity may be somewhat higher, say 45 j>er cent, to 50 per cent. After dark 
the relative humidity may be as much as 70 per cent, to 75 i>er cent. Some experiments 
at 80 per cent, were without injury, but are really in the danger zone. Results tend to 
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show that tl^e trees should be dry at tho time of fumigation, but may become wet with 
dew or ram later providing the relative humidity at tho time of fumigation is correct. 
In general, treatment is safe on dry ntglds or days with low lelative humidity, but tlie 
middleof the day with its high temperatures should be avoided, unless the relative humidity 
is very low — that is, below 40 jior cent. 

Experience in this State has shown that daylight fumigation, exc(3pt in 
late afternoon, is within the danger zone, especially in strong simlight or 
high temperatures- 

The results of the tests carried out at Mr. Chapman’s, orchards are sum- 
marised in the append'ed table, which shows the size of tree, time, humidity, 
calcium cyanide dose percentage, date, dosages .of calcium cyanide and of 
sodium cyanide, and cost of each for same-sized tree. 


CoMPABATiVE CosTS of Fumigation with Calcium Cyanide and Sodium 

Cyanide. 


D«i«. 

Time of day of 
Treatment. 

Relative 

Humidity. 

Size of Tree*. 

Dosajrce and Cost of Material. 

Ji 

1 

«» 

1 

a 

o 

•S 

a 

1 

Bound. 

V 

> 

O 

Calcium Cyanide. 

Sodium Cyanide. 

1 

If 

Cost. 

‘C 1 

5:2 

CO 1 

Sodium 

Cyanide. 

Cost. 



. P®' 

per 






p<*r 





mi. 

pin. 

cent. 

cent. 1 

ft. 

ft. 

ft. 

ft. 

oz. 

cent. 

pence. 

os. 

oz. 

pence. 

29 JaouMTjr 

4*66 

73 

48 1 


. , 

21 

20 

6 

60 

4-8 




1 

6*66 


54 



2S 

22 

9 

76 

8*7 




1 

6-40 


55 1 

n 

10 

28 

22 1 


60 

6-8 

4 

33 

37 

t Februvy. 

6-85 

98 

81 ' 

TJ 

7 

20 

IM 1 

71 

76 

7-2 

2 

2 

2 

1 

7-86 

100 

85 

7 

8 

22 

17 1 

4 

40 

3-8 

2 

2 

2 

1 

8.40 

100 

85 

T 

9 

25 

18 

31 

3S1 

31 

21 

21 

2‘5 


9-45 

100 

90 

n 

6 

17 

16 

4 

60 

StJ 

il 

U 

1-6 

8 February 

«-30 

90 

80 

8 

10 

£9 

23 

9 

76 

8-7 

31 

31 

3’2 


fl'30 

90 

80 

9 

8 






21 

21 

2 5 


80 

89 

100 

8 

10 

23 

22 

6' 

40 

4-8 

31 

31 

3*2 


8*0 

89 

100 

10 

8 






3 

23 ' 

2-7 


fi.lO 

89 

100 

7 

7 

is 

15 

3 


2^ 



1-5 

j 

910 

89 

100 

7 

7 






11 

11 i 

1-5 


It will be noticed that humidity up to 100 per cent, was experienced dur- 
ing the test, and in some instances the trees were wet with dew. Damage 
was done by both methods to a slight extent,, that is, young growth was 
killed and leaves fell from the trees. In one or two instances the fall of 
leaves was more than should have taken place, and one 75 per cent, dosage 
of calcium cyanide burnt several fruit. It must be remembered, bowever, 
that these tests were carried out undet conditions that are considered to be 
severe (humidity up to 100 per cent, and the trees at times wet with dew). 
No serious damage resulted ; the trees made new growth almost immediately 
after treatment, and the foliage is now as dense as one would desire. This 
is in marked contrast to many citrus trees in this district that have been 
sprayed with oils. 

The principle scale insects on the trees treated were red scale and white 
louse. There were a few brown olive and wax scale, but not sufficient to 
warrant definite conclusions being drawn as to the kill that would take 

6 



666 


Agricultural Gazette of N.S,W 


[SepL 1 . 1954 . 


place with these two last-mentioned scale insects. Both methods of treat- 
ment gave equally good results. Calcium cyanide killed red scale with all 
dosages given, namely, from 33 J per cent, to 75 per cent, dosages, and white 
lice were definitely killed with a 50 per cent, dosage. It is not known from 
these tests whether white lice can bo killed with a smaller dosage. Sodium 
cyanide killed all rod scale and white lice at the dosages set out in the 
departmental revised table. 

Since the experiment described was carried out, arrangements were made 
with two other orchardists in the Gosford district to tost the oalcium cyanide 
method of fumigation. The work on one of the orchards was carried out 
during very humid weather, dews and fogs occurring almost every night, 
and rain fell at frequent intervals. Considerable damage was done, but in 
all probability was due more to over-dosages than to humidity. One section 
of trees w^as done during the afternoon of a dull day, with the result that 
practically all the leaves came off and many of the fruit. On the .other 
orchard a start was made with a 25 per cent, dosage of calcium cyanide on 
one row of Emperor Mandarins, changing on the next row to 33 J per cent, 
dosage, and thereafter to a 40 per.cent. dosaga These trees were examined 
recently, and it was found th.at red scale and odd fully-grown wax scale 
had been killed with a 25 per cent, dosage. 

These tests iave thus shown that calcium cyanide may be used in the 
humid coastal areas, provided care is exercised not to do the work during 
times of high relative humidity, or when the trees are wot, or during day- 
time. The safety zone of sodium cyanide fumigation is also generally 
controlled by these conditions. 

The cost of the materials used in these tests, and set out in the table, is 
based on quotations obtained in Sydney on 22nd July, 1924, as follows: — ■ 
Calcium cyanide, £6 10s. per 100 lb., or approximately Is. 3Jd. per lb.; 
sodium cyanide, Is. 2d. per lb. in bundrc<lweight lojs, and sulphuric acid 
16s. 6d. per cwt. or approximately 2d. per lb. 
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ln'Mi(;\i ION «ih (]iiin s I'ui'irs in I'iokida 

the ( <>-v| ( iirali r iliaii ih.il ol S| »r.i\ inj.;, iln' I ncri-;is<‘(| 

1 tticuiKx Ur^nltiiiu: I’roin I'liis Method ol A ] >1 ion 
M.i\ M:ikc it ! )esii;ihli-. 

Hv V\<i)\\ |. K. W'ATsoN 

I I loiid.i \l' 1 It nil in .il |- x|t, 1 miiiii '^i.ili.'i, 

1' iinii L^ation ot cihtts trees with h vii roe \ .tii ie ;uiii i x 

means ot controlling insect pc^sts has hecai tried manv times 
in hlorida, hut has newer been e\tensi\el\ useii by i;ro\vei\A. 
Diherent methods ot i^eneiatmi; the i^as have been used. The 
latest is h\ the use of calcium evannte. a black dust wliich 
h\ ahsorhini; moisture from the air oi soil, ^c*nc‘iatc*s the i^as. 
This method seems to eliminate some of the ohjectionai)le 
teatures ol the older methods which were* responsible for the 
al)andonment ot t umi i^.it io.n in b'lorida. 

Durityi^ the past year the writer has been eluwkm^i; up the 
kill seemed bv the American C'vanamid C'ompanv in various 
L!:rov es in 1 lorida undc‘i- the su[)erv ision of R. W'. Kcdlev. 

METHOD OE DUST APPLICATION 

In the present work the trees arc* covc'ied with one of the 
reii;ular C'alifoiiiia fumigation tents. d hese are octagonal 
sheets ot canvas, piov idc*d w ith rin^s on one side into whic h a 
spike on the top of a pole is titled, tlien with ropes attached to 
the pole the tent i> drawn over the tree, ddu* tents are calib 
rateit in two (iirections in such a wav that one can read oil 
direetlv the ei rc umtei eiu e and the distance over the tree. 
I'hese readings delertitine the dosage to be used, b'or this pur 
[lose dosage tables are employed, d'he dosage used in most oi 
these experitiients is three-fourths that of the C alifornia ree 
ommeiKtati ons. It is rec ommetuied that the dust be directed 
on to the ground, as when it is directed into the tree there i^ 
apt to be too heavv a laver deposite(i on certain twigs .md 
leav es. ( )f course w hen direc ted onto the ground there will 
be a tine cloud of the dust that will rise all through the tent 
and settle on the foliage in a more or less uniformly distributeii 
coating, "bhe tents are left over the trees for 4s minutes. In 
order to keep a crew busy moving tents and dusting trees it is 
necessary to have ten or a dozen tents. 4'he dosage must lx* 
accurately measured, not guessed at. 1 he American C yana- 
mid Company has been working on a dust gun w'hich will 





!(lit\ a> hiL!;h as 7S per ecail. [ iicicr llu'Se sexeie eoiui it loiis 
there were some tall ot leaves, hut seldom it e\ei* more serious 
than that which would have tollowed spraviiiLi; uiidei' tlu'se 
atmos[)lu‘ric conditions. 'I'lu' work has all hc*en «lone in tlic 
day time*. I he* one condition which must he tultilled in ordei 
to avoid severe hurnim; is that the 'rRl.i.s Hi. Altsol.l n i.v 
I . I he work must not he slai ted in the moi iiinL; until the 
dt‘w has ev ai'orated or alter a shovv en* until al tt'r the t rc‘es hav e 
become drv aii^ain. It these pic'caut ions arc* takcni and the 
dosae^c' IS ac c uratedv measured and cwonlv d ist ri hu ted . t!u‘ 
injiirv to toliaL,"c‘ and Iruit sc'enis to he- no i;rc‘atc‘i- than that ol 
^pravine, uiuIct simijai lomtitions. InMves which have* hetni 
attec'tcal with “e;reas\ spin" or “black melanosc*" sc'cm to he- 
th(‘ Inst to drop as a result of the* dustini;. 

• XltliouLi;!! the' h\ <1 ro(. V a n 1 c ac id l!,.is kills pi actic ally all 
citrus in'^c‘c't pc’sts with the* e.\c(‘[Uion of mealv hui^s, our work 
has heco mostly with [nir[de scale*, h lorida rc*d scale*, and rust 
mites. ()ur rathc*r iimitc*d ohsc'i v a t ions on vv hilc‘llv would 
indicate that anvthini; which will kill the purple* scale* will 
also kill the whitc'llv. d'herc* has not been a _ii;rc*at de*al ot 
whitellv on the trees on which we* have* bc“e*n vvorkiniy 

IIF.AVY KILL ON PURPLIO SCALl^: 

d'lic* average* kill ot purple* scale* for the* last fe*w wc*e*ks 
has bc*c*n per cent. ( )n most trees it is mu eh better than thn, 
Init in checkiiiLj; up he-hmd the lumiL:;alinL:, outfit we* occa^ 
lonallv run across a tre-e' with a much poorc*r kill than others. 
1 his brings tiu* ave*raa,e down to pe*r cent. It is probable* 
that the* [loorc'r kills on the*s(* occasional trc*e*s arc* due* to the* 
trc*cs not rec eiv iiy<^ the [)r.)pc*r dosai^e*. In the* e*arlic*r work 
considerable* diflicultv was c*\pc*rienc ed in L;e*ltim;’ a machine* 
which would (|uickl\ and accur.itelv mc*asurc* the dosa;^e. 
J his problem seems likc*ly to be solved. We e\pc‘cl the counts 
on future f imiii^ations to show fc*wc*r of these* trees with a p<.H)i- 
kill. On most trees the only purple scales which escape* are 
those which are under somethin;^. Purple scale has a t«.*n 
dene v to ;j;et uneier other purple scales, under spicier webs and 
into colonies of the* woolly whitellv. In these situations it is 
diflicult to reach the bottom scale eitlier with fumi;;ation or 
witli spravs. In most cases, even in such protected situations, 
only tile e^^s escape the fumigation, 'i'he above kill is of 
course verv satisfactory indeed and mudi l)etter than i- ol) 
tained in oreiinarv spraying operations. Hut with further 
work it would seem possible to ^et ev en a higher perc enlarge 
of j)urple scale. 



'The average kill on Florida red scale has been hX pei 
cent 'Fhis is even more satislactory than in the case of the 
purple scale. I'he reason for this is that the Florida red scale 
seldom gets under another scale and does not have the same 
tendenev to get under webs and other protection that the 
purple scale has. 'I’he Florida red scale is a very difhcult (me 
to kill with ordinary sprays; and the ease with which it is 
killed in this fumigation process would seem to be one of the 
most promising applications of the use of hydrocyanic acid gas. 
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RUST MITES EASILY CLEANED UP 

[•'umigation seems to give an unusually good cleanup of 
rust mites. In one grove, fumigated in September, rust mites 
could be found a month later on only one fumigated ticc. 
while thev were abundant on unfumigated trees m the same 
<rrove. 'I'wo months after fumigation they had commenced 
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tu rc‘;ip[n‘.ir oji (lu‘ f trees, hut e\ cn then wert* not ;;v 
;ihuiuinnt as on uni iinii t^atca] tre^es around them. I this e^ 
peiinient the lunii.^ated tree^ were surrounded on all side> 
witli trees wliieli were not lunn^ated. If a whole ^rove was 
funiiu;aled the reaf'jpea l aiu e ol the rust mites would prohahly 
he e\en ^;ieater delayed. Just how loiyiz; one fumii^ation will 
keel’) rust mites under control is a (juestion lor the future to 
decide, l)ut at the present time it look> as if this mi^ht he con 
siderahl\ lonii;er than with sprayinri; or ordinary dustinij; w itli 
sul phu r. 

The cM)st of lumii^ation is of course considerahly ^reatei 
than that of spra\ ini;. lUit it is (juite possible and even prolv 
ahle that fumii;ation will not nc'ed to i)e repeated as sprayon; 
or dustini;. If further experiments w'lth this method of con 
troilin.i; pests confirm this anticipation, fumiMoition may com 
pare very fa\'orahlv with sprayiiyi; as far as cost is eoncerned. 
It is certainly more thoroui;h, c'speeially on J'loiida icmI scale, 
and seems to he as safe-. 
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Ol.lM- h'l'MICATlON 

W ith C^ wocas (Tm.cum amdi 

.\ lth( )UL!;li llu* t uiiii L^ation ol citrus trees w iiit hvti rot yaiiie 
acid has hetoine a wtdl-known luethod oi insect pest eoiitrol 
throuij^hout the world, the fact that the iuini^Mtion of oli\e 
trees has lH‘en a eoniinereial practice in certain parts ol 
luirope IS not so n;enerall\ known. 

d'he oi'y^inal nuahod of olive* 1 uniiL^ation was 1)\ nu‘ans ot 
h\ ilroc \ anic acid ilerix ed I rom the reac tion ol potassium 
and later sodium exanide with sulphuric acui and water. 
I he adaptation ol C’xanot^as C alc ium ( xanide to this work 
has been l ec entlx ac c omf^l ished. 

W’e are here jmhlishini;- Mr. 1'. \\. dOdd's original 

article c'oxc‘rina his i nxest i L!;at ions on this suhject in Spain, 
and arc also leprodiu in^ 1 rom the iiolc'tin dc* la I'.stac ion de 
l’atoloLi;ia W‘L!;etal, .\ho. I \um. i., pai^es sv6d, Ahril de 
SciKtr \liL!,Liel licnlloch's account ol his c*\permu“nts on 
()li\ e !' 'um ia'a t ion w .lh C xamo^as C'alc ium ( x anide, w ith an 
h.n^li'^h translation ol the* same. 


TWK CYANOGAS CALCIUM CYANIDK MLTHOI) 

OL Or.IVJC THLL FUMIGAM'ION IN SPAIN 

|)X 1'. \\. I odd, lMitomolo,ii;ist 
Amc'rican ( vanamid Sales C'ompanx 

I M KoDt c riux 

()lixe tiee fumii^ation with hxdrocxanic acid L'as has 
been [irac tised in Spain since PM 2, w hen Prol. Peandro 
Naxarro of the I^stacion de Tatcdoujia \A*,ii;etal in Madrid, 
determined, after ntanx years ol research with sprays and 
other methods, that the only ellectixe control measure* lor the 
Oiixe ddirips, I'liloroihrips olrdr C'o^ta., xxas t(*nt fumi;,uition 
xx’itli hydrocyanic acid i^as lol loxxinu^ the standard mc'thod 
practiced on citrus trc*es. lie discoxered that a satislactorx 
control could he obtained by usini^ as loxx* a dosage as 14A ol 
the Standard CAanide Dosa-e table then in use in Spain for 
the fumigation of citrus trees. He also ftnmd that dayli;^ht 
fumii^ation could he safelx practiced, and determined the 
best season for operation, xiz. Detober to .March. In prac- 
tice, howexcr, fumi^uitors found tliat more lastin;.,^ results 
could be obtained by increasing the dosa^^a* to ZiV' of the 
orit^inal citrus dosage table. 
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I'he principal insect pests of the olive in Kurope are: 


(1 ) 

( )livc‘ 

'riirii)s . 

l*hli)C()lhrif\s olcar (Osta. 

(*-') 

( )1ivc 

Psylla . . . 

lui phyllura nliriint C'osla. 

( ) 

Whitr 

( 4iv(.‘ Scale . 

.Isf'idiolns lirdi'iiti' X’allot 

(4) 

I'.lack 

< )livc St ale 

S\nssrfi(t oLiW lltaai. 

( 3 ) 

( )livc“ 

Twik 1 lover . 

f 'li!(>('()f ril'iis scitralHH ouic.' 


< >livc‘ 

I wik Molli . 

rra\s oli'di'H ns IS 

(7) 

( )li\a‘ 

Flv .... 

Ihu'iis ()l('(t(’ Rossi. 


Of these the most important by far in the regions favor 
able to its development is the Olive "Fhrips. Fumigation was 
directed primarily against this insect but in practice it was 
found also to be the most effective control measure for the 
Olive Fsylla, the 'Fwig-borer, and the Black and the White 
01i\’e Scales, since the most vulnerable stages of these insects 
occur during the fumigation season. The Olive d'hrips, the 
Psylla, and the 'Fwig-borer hibernate as adults from October 
to March, and the most easily controlled stages ol the black 
scale also occur during this period. Hence it will be seen 
that the fumigation season was rightly placed; not only in 
resj)ect to the thrips, but also in relation to the other major 
olixe pests. For the scale, particularly the black scale, how- 
e\'er, the dosage will probably have to be increased. 


'Flit: I MPokr.wcK oi rut: Oli\ k 'Fhrii\s ( Phlocothrips olcac) 

d'he large black Olive I'hrips is the most serious pest of 
the olive in locations which are favorable to its normal de\’(d 
opment, those most faxored being the higher slopes of m!)uii 
tains. It is reported to have caused the abandonment of 
extensive plantings in F'rance and Italy, and has forced the ♦ 
Spanish growers to sohe the problem of its control or d') 
likewise. 

Fhe 01i\ e Fhrips is a member of the I'ubulifera sub-order 
of the Idiysanoptera, its complete life cycle being spent on the 
olive tree. "Fhe female produces about thirty eggs, and there 
are three generations a year. "Fhe adult hibernates in a more 
or less active state, depending on the temperature, within the 
abandoned burrows of the Olive Twig-borer or within the 
tightly curled leaves. Since the adult is not a Hying insect, 
its wings being too weak, and since it is also a sluggish walker, 
it must therefore depend upon the wind and other natural 
agencies for its spread. 



Both rlu‘ minphal and adult sta;j;t‘s nt this insect feed on 
the leaxes and fruit of the olive tree. 'I'he injury to the leaves 
consists of a eurlinii; afid ciwarlini!;, lenderinja; theiti useless as 
food producinu; units, as well as resultini; in a stuntini; of the 
iw l!;s, and a lessenin'^ of the nuinher ot Iruit Inuls. d'he injury 
to the fruit consists of stuntini;, li istoil inu;, and i^eneral weak 
eniiiL!; which eauses an ahnornialh lart^e dr«)p durint; Aui^usi. 
A ii;eneral de\ilali/t‘d condition ot tlu“ tree results ami e\ 
perienee has shown that a serious cut in [)roduetion and 
e|iK;lit\ of the oil is oee.isioned where intestalions arc* se\'(“re. 
The death of the tree ina\ oeeur in extienie eases. 



I'Il'. O 1, I'lnit lii|nr\ ( nii^rcl I)\ ihc ( >li\c I lirips. 

Xdtc Shn \cl lc< I \]>|tc;ir;iii('i- ni Oli\c on Isinlil. 

BkM.MTS OI i. iMMKi.M'inX 

rile funiii^ation ol olixes lor the control of the ()li\c‘ 
I'hrifis has been sulhc ic-iitl \ testc*d durin;_; the past twelve 
vears to convince the Spanish i;rower> ol its value. It is 
ijfenerallv claimed that tlie yields the year fol lovvin^j!; fumi^a 
tion vvili he douhlc'd or tripled and tliat the henehts may he 
d istin^uisheci over the lollowiipi^ three to live years. 

My inspections convinced me that one fumigation would 
he elTcetive over three years, and 1 believe if fumigation 
were more widelv practiced more lasting elfects could be 
expected, since reinfestation takes place slowly. It may be 
expected therefore that one fumigation will increase 

the crop of fruit lor the following three years, and thus (iis- 
trihute its cost over that period. 
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'I'llK C'VAXOCJAS .MkTIIOI) 

The iidxeiit of Cvanogas Caleiuiii Cyanide vvhicli, due to 
its safety and <i;reater ease of application, has made nearly 
obsolete in many places the older methods of generating 
hydrocyanic acid gas for fumigation purposes was eagerly 
recei\ed by Prof. Miguel Henlloch, Director, h^stacion de 
Patologia Cegetal, Madrid, who with the writer performed 
e\tensi\ e tests to prove the reliability and eihcacv of C'vanogas 
for the fumigation of olives. 

The experiments performed in Mora (ie Toledo, Spain, 
from October to .March P^2b arc dealt with in the re- 

mainder of this article. 

.Mi.'lllOl) OF C'llKC'KINO TIIF. KXPFRIMFXTS 

In working out of a method of checking the experiments 
the following obserxations were lirst made: 

(1) 'Phrips killed by fumigation fail to fall from the 
tree unless it is shaken, whereupon they fall easily. 

(2) It is possible to shake the live thrips from a tree. 

(2) All recoxery from fumigation wi 11 have taken place 

within 24 hours after the fumigation. 

(4) Live thrips may be easily distinguished since they 
iFiove when prodded. 

With this information at hand it was eas\ to determine 
the percentage of kill to a fairly accurate degree by shaking 
the tree over a white cloth and counting the dead and live 
thrips coming down. 

Mf;j'i1()1) of Aimm.ic ATIOX 

Since CAanogas C alcium Cyanide depends upon atmos 
pheric moisture for the release of hydrocyanic acid gas, it 
would therefore be expected that the better the distribution 
of the dust in the air the cjuicker and more thorough the 
reaction. 'Phis would residt in a more thorough distribution 
of the gas within the tent, and a higher kill would be obtained 
due to the greater likehood of contact with the thrips. ( )n 
the other hamf a thorough distribution of the dust invohes 
more labor and a more complicated etjuipment. 

Experiments were made to determine what differences, 
if any, there might be between a direct and an indirect method 
of application of the dust. A direct application was made 
by thoroughly dusting the crown of the tree, while an indirect 
application was made by blowing the dust toward the ground. 



I'hcsc experiments iiuiieated that a sa\ iipij; ot in dosai^e 

eoiild he made In iisim; a direet applieation. The results ot 
these tests are shown in the aeeompaiivint; table. 

1 Kill' 


w a ( ), 1 ,ii.K 
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1 


' »s 
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' )' 1 


' IS 


" l-’.H li ' , t r]M ( -u il " 1 1 K .I\ n .iv;r . .1 -! 1 1 1 - 

riie weathei' eonditions durini;- these lesls weie unilorm. 
A [ifd K ations were made hv means ol a ’\'ia;;aia Junior Hand 
I )uster. 

The direel application was imule h\ raisini^ a side ot the 
tent and direetini; the no//dc‘ m Mich a wa\ to dust thoi* 
ouL!;lil\ the leallx tof^ oj the* tiee. 1 his s(‘r\c*d to place the* 
dust in 'ntimatc' contac t with the insects and even c‘ltc‘eted ll;e 
entrance of some ot the dust into the* horei hole^. W'ith the 
low dosaL:;c‘> med in this work ii;ood distrihulion is a xerc 
imj^oi'iant factor. 

In the e\ [HTiment>, a \ia,^ara Junior Hand Duster and 
a I'XjSdi du>ler, made hy iMimi.u;adorc‘s (Juimicos ot V’aleiu la, 
Spam \xeie used. 1 he lattcu' had a practical sell ineasurini; 
de\ ice xv’liic h ac c urately measured d4 i^i ams per unit. Both 
dusters were of the fan type and gave capiallv sueeesstul 
results. 


Di- ri'.KMi.N.M lox or Dos Acir. 

In i he determ i nal ion ot the dosages ot C'yanogasC aleium 
C'vanide necessarv to produce kills of approximately lOO'^ ot 
the ()li\e ddirips, scweral hundred treew were tumigated. Ixx 
perience Ims shown the growers that where* kills ot appr«)\ 
imateix tOOX ;i re made, the henelits ot lumigation will he fell 
oxer a [H*riod of three to iixe yeai>, as [)rexiousl\ mentioned; 
for this reason thex are particular that the kill shall not lal' 
heloxx this mark. 

in all of this xxork care xvas taken to m.ike the a[)plica 
tions direct, to use exposures ot one hour, to xxork at tem[)era 
tures ahox e 4h degrees h . and to use tents free from holes. 

'The results of these experiments shoxved c one lusively that 
under the ordinary fumigation weather a dosage of 2()A of the 
‘‘Standard Dosage 4'ahle for Citrus 'rrees” xvill produce the 



desired results. In the warmer weather of late spring the 
same results can be obtained with about 16'^ of this table. 
Commercial tests involving the fumigation of more than two 
thousand trees have served to confirm the perfect results that 
can he obtained with the 2()C dosage. The accompanying 
table (Table V) based on this dosage was accordingly adopted. 

'rat)ulated below are representative results obtained with 
C xanogas L'alcium Cvanide as well as a comparison of the 
results obtained with gas generated from sodium cyanide by 
the pot method, using the recommended proportion of XaCN, 
H .SO,, and H^.O of Cl ' ^-2. h'rom these experiments it will 
be seen that is is necessary to use about ' | more Cyanogas by 
weight to produce results eipial to those obtained with XaC^N. 

Sonir M ( van ipi: ( ^ \ m m, \ v 
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I)i;n:kMix.\Ti()\ or Ij:x(;tii of KxiM)srRF 

()li\'e fumigations performed with sodium cyanide are 
given an exposure of one hour. It was first thought that this 
exposure might be reduced with a Cyanogas fumigation. Kx- 
periments were performed to determine this point but it was 
found that the most satisfactory results could be obtained with 
economical dosages if a one hour exposure were used. 
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TABLE V-Americas Cvanamid Sales Companv 
Olive Fumigation Chart for Spain (BOjl of Standard Citrus Table No. IV) 
Ci’ANocAS Calcium Cyanide “A” Dust (Cram) 

Distance Around (Meiers) 


'' '' J’ 1*1- lO''' ll .l ItJ.'ii Li,,’ l.l,.'' Ilf l.S l.'.li 16.2 Ion l/’.l 18 LV' I'l..’ FIS iiijlj Tii, »> mk 


3'J <13 51 51 51 51 51 SI 62 62 62 62 

45 51 51 51 51 57 57 62 62 62 62 68 68 74 

51 51 51 51 57 62 62 62 i 68 68 74 74 79 

57 62 62 62 68 74 74 74 79 85 85 85 

62 62 (« 74 79 79 79 85 91 91 96 


IS i 
8.1 1(12 


" 111 .>8 11.1 12 L’n 1,12 I.IS 14,1 

68 74 79 SrsnridliH'lali 
79 85 91 96 162 102 113 113 119 

85 96 102 113 113 119 119 125 

96 102 113 119 119 125 130 136 

1 119 125 130 136 142 147 


I,;,' 

Q !■;: 


_1£I2,. 1,12 U8 14.4 

136T42l5ri59 
153 159 170 
170 176 


'^’9 08 I8.li l'i,2 I'lS AU 21 2l,ii 22,2 22 8 2,! l" 

’ 113 iFlio 119 125 ^ ' 

9.|> 119 125 130 130 136 142 

102 125 136 142 147 147 153 159 164 

iO.1 142 147 153 153 159 164 170 170 176 

i l-4 153 159 164 170 170 176 176 181 187 


7,8 

8.4 


10.2 

10.8 

11.4 


IS 


I SI 'I 'll, |(i2 ins lU 


17 17 22 22 28 ~ 

22 22 28 .14 34 34 34 

22 28 ,14 34 34 34 40 45 

34 34 ,14 34 40 40 40 45 45 45 

JL^ 5 0 40 90 4 1) 45 45 51 51 51 51 51 


■ J.’ 9 Ij 1. 1.6 ll),2 16.8 17. 4 IS 18,6 |9j. pis 20.4 21 21,6 22.2 22.8 23.4 

i; M 170 176 181 isnoo^ilH'loiiroTis TT' 

181 187 193 198 204 210 215 221 227 232 238 l'),, 

- f 5 198 204 210 221 227 232 238 244 249 255 261 iJ ’ 

I I ® ^ 244 249 249 261 272 278 283 ijs 

jfJj yS 221 227 238 244 255 261 266 272 278 289 295 300 306 14.4 

Is 1.1.6 16.’ 16.8 17,4 18 I8.(i |9.2 PIS jil .'I .’l.ii >!,2 2!.s ,’,i,4 

I'i '255 266 272 278l» 295 300 306 121311” 

255 261 272 278 289 295 306 312 317 323 329 340 iti, 

272 283 295 300 312 323 329 334 340 351 357 it' 

.- 295 306 317 329 340 346 351 357 363 374 |i,5 

312 323 329 340 351 357 363 374 385 397 17.4 
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Im MKi \Ti()\ I NSPKC TlOX 

Jn Spam it has been found that rci^ulations arc ncccssar\ 
to insure thorouii;li work by the eonnnereial funii^ators. file 
i^rowers are ^u^rouped together into eooperati\’e syndicates 
whose oflicers haxe the power to let fumigation contracts to 
tne fumigators. I'hese contracts provide for non-payment 
for fumigation until such time as the results hax e been checked 
by inspectors of the syndicate. 'This check takes place twenty 
days after the fumigation. If a single living thrips is noted 
on any tree, this tree has to be re-fumigated. It ma\ be seen 
that such a contract is very drastic since kills of 1 ()()'> are not 
usually economically possible. Due to the fact that in many 
cases this system has not proven satisfactory, fumigation work 
has been undertaken by some of the pro\'incial goxernments. 

()n:x Air Drsrixt; 

A series of experiments was performed to determine the 
effectiveness of open air dusting in the control of the Oilve 
d'hrips. In this work kills of between S(k^ and were 

obtained by the use of 1 to .x pounds of Cyanogas XA" Dust 
per tree. However, experience has taught the Spanish grower 
that higher kills are more economical, so this work was 
abandoned for the more thorough metliod of tent fumigation. 

Rksistaxck of ()ij\'f to Ixji With Cv.\X()(;as 

Olive trees were found to be very resistant to injury from 
Cyanogas Calcium Cyanide. xAftcr the fruit had become 
siifliciently hardened in the latter part of August absolutely 
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no injur\ it'sultni iii an\ ot the* tici-s In llu‘ olive' 

tree* blossnnis (nxur tiu- latter part ot .\[o il. tollowi- I 

iti Max h\ tlu‘ xtuiipu; truil whuh iipt'ns iit Noxemln'i an»i 
I )c‘ec‘nilH'r. As the harvest season i> 1 roin \<>vi’inher thru 
Januarv, tlie Iriiit vvouhi hav e* to undergo t uiini^alion dm 11114 
the lirst hall ot the season. There is. hovvc*vi‘r. no injuiv to 
h(‘ tc'ared. 

The Usual metliod oj harvc'si is that ot t luhhin_i 4 tin* ti(C> 
to knoek tlit' fiuit to the i^round. It is i^enerallv hc'lieveti that 
this [ooct'duif also tills oh the thiips .md that helti'i icsulls 
\vill theretoi e lu‘ obtained hv tuino;ation hetore hai vest rathei 
than alter, i'herc' is no (‘v ideiut\ hov\(‘vei\ in support ot this 
helul. Siiut' no truit injuiv ifsults troin tlu' ( vano^as. the 
time ot tum!i!;a(ion max he Ic-lt to the ^.rovvciA e « mv enieiu c. 

\!)\ \\T \(.l s ()| ( h Woo \s ( )\ I K SoDII M Cd \ \ 11)1 
1 < Ik ( )| l\ I T 1 \I h. \ 1 in\ 

{ 1 ) lilt ree t um ii’a t loii undei tents, re'4a rd less o t met hod , 
tlu‘ labor eosi tor l:ee (oxciml^c will he e(jual. Likewise the 
oMi^inal eos( ot tents will hi- liie s;inie. Jlovva-vi-r. when Mil 
furu aeuj entc-i's into the proei-ss ot tumii4ation it is (citain 
to sp. liter horn the |»ois or lonie into eonlai I with the lanvas 
in <ome wax. hmninp holes whieh have to he palehed. and 
thus redueiiiL^ the lile ot the tent to three or tour xear^. Sinei- 
the eost ot tents is the most c‘\[)ensi\e item in the tumi^aloiA 
cijuipment, anxthmi!, that w ill iiu rease then lite is ot the 
utmost eionomu advantage. it max he siilidx estmialial that 
the iise ot C'vanoL^as ( aleium C'xanide will doul)l(‘ the lite ot 
the tent eixer that resullini^ 1 rom the hole hui 111114 ''ullurii 
aei(t method. 

(Jj Throughout the olive* distruts Wiiiei is siaree and 
its Use III tumi^alion neeess||;iies ;i I0114 haul and extia labor. 
C'ans ot sodinni c\;inide, and hulkx sulturie aeid hollies must 
also he I ranspoited. ('\an04as (ahium ( xanidi* t rom whuh 
the evolution ot 1 I ( .\ reijuires no exira malerials, luls the 
transporiiition problem to the limit. 

( v; .\nother expensive item in sodium ex.innie fumi^a 
tion e(iui[)ment is that of the sulturii ae iii holtlc*s and earthen 
ware pot generators. '] hese are not onlv expc'iisivc* ni he^^in 
with hut are also tre(|uentlv hrokn, i onstitutin;^ a })otential 
liahilitv. The use of C \ano4;as eliminates this eijuifiment. 

( 4 ) In tfie 1111X111,4 of (hemuals for the ^eiu-ration (>f 
HC'X from \a('\ reasonable aeeuraex is neeessarv foi um 



form results. This accuracy re(|uircs extra time aiui extra 
labor. I'he mechanical measuring device on the FQSA duster 
is not only accurate but is rapidly performed. 

(^) Seven men are necessary to operate a gang using 
sodium cyanide. I'hese include four men to handle the tents, 
one man to measure trees, one man to weigh materials, and one 
man for dosing. Where Cvanogas Calcium Cyanide is used, 
the weighing and dosing is performed mechanically by one 
man, thus cutting the wages of one man from the operating 
expense. 

(6) It is the experience of laborers that their clothing 
becomes acid-eaten and also frecjuent accidents occur whicli 
o\ ercome or kill someone. Cyanogas is not caustic to clothing 
and serious accidents with it ha\ c nex er happened in this work. 

In summarizing, it will be seen that the use of Cyanogas 
Calcium Cyanide sax'es. the cost of tents in a six-vear period, 
tile wages of one man per day, the breakage cost of pots and 
bottles, the transportation cost of water and acid ; and further- 
more will gi\'e ecjiial results with greater t'omfort in handling, 
greater accuracy in dosing, and greater speed of application 
than will be obtained with the sodium cyanide method. 

C'oxcl.l sioxs 

( I ) Open air dusting with C'yanogas Calcium C'vanide 
at the rate of two to three pounds to the tree resulted in a kill 
of to ol the Olix^e d'hrips. 

(2) The application of Cyanogas at the rate of 20'^ of 
the Standard Dosage doable for Cdtrus, under tents, resulted 
in kills of from to of the 01i\x‘ Thrips. 

(2) exposures of one hour resulted in better kills than 
exposures of 20 or 42 minutes. 

(4) hdimigations performed at temperatures below 22 F 
resulted in unsatisfactory kills of the Olixe d'hrips. 

(2) Direct applications gaxe better results xvith 20'^ 
less dosage than did indirect. 

(6) hdimigations with Cyanogas between the months of 
October and March resulted in no injury to the olive trees. 

(7) Cyanogas offers the fumigator great sax ings in cost 
of operation with equal effectiveness to and greater safety, 
rapidity, and accuracy in application than the sodium evanide 
method. 
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EXPERIENCIAS SOBRE EL EMPLEO DEL ClANURO 
DE CALCIO EN LA FUMIGACION DE LOS OLIVOS 
PARA COMBATIR LA PLAr3A 
De Phlacothrisps oleae, Costa. 

Dcsdi* (jijc se cl (‘inpico <I(‘ \a fi)iniv^vic‘i»)n dc iiaranjivs y 

olivos con cl acido cianliidrico, vi(‘iu‘ii rcali/andosc csliidios para |)crft*C' 
cionar su apiicacion, liacicndol.i c.ala vc/. m,is practica y cc( nudnica. tin 
paso cn csic scntido corrcsf)()ndi‘ al cinph'o did cianiiro dc calcdo 

iduranlc cl olono c itivicrno pas idos i <‘ali/..»inos cxpcrii'iu'ias cn los 
olivarcs dc Mora dc folcdo para c.sindiar la aplicaciidi dc csIc producto 
en la India conira la [)laira del aranucio (PhUn'otrips oh-do). 

Utili/.anios cn cstas expcricc.cias ciamiro dc calcio did tipo d(*noini- 
nado Cipino^us Dust /!., dc la Sociedad 1* nrniiradort's ( Jnirnicos, dc Va- 
lencia (filial dc la American Cy.inamid Company, tic Nut'va York). 

Sc trata dc nn polvo finisimo, tjnc pasa cn la propori iidi dc (SO por lOO, 
por el tamiz dc 200 mallas por pnlirada francc.sa, .s(*{^^nn didcrmacicdi (pic 
hemos practicado, y con una ricpicza cn ciamiro dc calcio del dd,62 por 100, 
segfun analisis liccho por la Kstaciidi Airromdnica dc Madrid, td cnal 
indica ademas la prcscncia dc cianamida <lc, calcio cn la proporcicni 
de 3,57 p(jr 100. ca.sa ofrccc una pnreza cn ciamiro dc calcio, compren- 
dida entre cl 40 y el 50 por 100, amplitud dc limites tpic scria dc dcscar 
se redujese, puc.s una oscilaciiin posiOlc dtd 10 por 100 cn la ritpicza d(d 
principio activo, para un producto tpjc postjc corno pureza maxima cl 50 
por 100, c.s, desde lu(.*i^o, cxccsiva para cl calculo dc las dosis nccc.sarias, 
de no tomar siempre comt^ base cl limite inferior. 

La prof)icdad cjue poscc cl cianuro dc calcio dc rcaccionar con cl 
vapor de asrua atmosf(*rico {)roducicndo acido cianliidrico, cs la base de 
su poder insccticida. Li j/as cianhidrico .sc produce, pucs, sin la interven- 
cion de acido alj^uno, dc distinta rnancra a lo quo ocurre con cl firoccdi- 
miento ordinario de furnig^acit'in con (4 cianuro de sodio, el cual prccisa 
la intervencion dc acido sulfurico a mas del ag^ua nccesaria para facilitar 
la reaccion. LI cianuro de calcio reacciona con cl aj/ua, dando luj^rar a la 
formacion dc hidrato dc calcio y acido cianhidrico (1): 

(CN), Ca t 2 FLO Ca (OH), r 2 CNH 


(1) Prescindimos otras rcacciones sectindarias, que tienen lujfar por la presen- 
cia de cianamida de calcio y otros prodiictos que acompanan al cianuro. 
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Se comprende segun esto que para que el desprendimiento de acido 
cianhi'drico teng^a lug^ar de una manera completa, precisa un I'ntimo contacto 
de las particulas del cianuro de calcio con aire que contega un cierto grado 
de humedad, y que, por cl contrario, si el producto se guarda seco y fuera 
del contacto del aire, permanecera inalterado. 


Procedimiento operatorio. 

Para facilitar la dosificacion y distribucion del cianuro de calcio en 
polvo, emplcamos una maquina de la cltada sociedad. Esta maquina va 
montada sobre una mesa baja, provista de manceras que permiten su facil 



Fig. 1.^' 


Maquina para funiigar con cianuro de calcio rn polvo. 


transporte por dos obreros, y consta esencialmentc de tres partes: dcpo- 
sito de cianuro, aparalo de niedida y ventilador (fig. I.'’). 

El deposito es de forma tronco-conica, con la base mayor hacia arri- 
ba, y lleva un agitador que se mucvc al accionar el aparato de mcdidn, 
con objeto de asegurar el cebo de este. 

El dosificador consiste esencialmentc en un cilindro de ej^ horizon- 
tal, provisto de seis acanaladuras simetricamente dispuestas sobre su peri- 
feria. Este cilindro obtura la salida inferior del deposito, a la cual va pre- 
sentando sucesivamente cada una de las acanaladuras, cuando se le hacc 
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girar, mecliante un inaruibrio cjuc rcsbala sohre iin disco vertical inmdvil 
dispuesto sobre el ejt‘ ck'l cilindro. 

Sobre estc disco bay inarcados seis piintos, (jiie le dividen en paries 
ig^uales y correspoiiden al paso, por el orifieio de r.alida del depbsito de 
cianuro, de cada iina de las acafhdadur.is cilatlas, las ciiales se van llenan- 
do a inedid a (pie pasan, y vao tapadas laterabneiile basta oeupar la posi- 
Cion opiK'sta, eii (jiie (pied.in libri's sobre una e.'unara a la (pie ll(‘^>a el aira* 
del veil tilad or, arrasir.indo el eiamlro al tiibo de salida eii tdla dispuesto. 

A tiibo se adapla una in.ue.' a (b* poina, cpir permit** 'L^uiar el 

cianuro ! ajo la Iona (pie eubra- ( I arbol. 

La uiiidad (pae S( midi' ( ; L (antidad (ji;.- ea’.e . ) eada .i<' analadnra 
del cilindro, y l. s ma^piinas c.stan re'.'ulad.i ; (o* m ; (ju<* ese eonttmido 
es de 21 inos. bai 1 ! laacpiina i <a: <:’ie i t'aii/ • -.o . las (‘\|>('i ieneias, ('oni- 
probamos. d('.s|)ues de w'j a' 1 1 ' i.is p' ...ida p (pje ! is .•aii!<ia*^'‘s craii de 20 
i^ramos e'l d(' 21, por - lio i e .nll.u - >ii I is do- as (pe. emple.nnos inlei io- 
rcs a las eaiiailadas eon .nre.,',, ,, unidadrs de 2 ) vi.niios. 

Ai coin,'!)/ar (d tiabajo, '/ siempre lia - sc !!c'n • <1 dep('>sito. es eonve - 
niente d :r Uii i ' ludf I eompfe' | y dco' U'cpsr .il a.iri cl atniis^, 1 »>!,]• to de 
asG^urar:e,‘ (tv* piie iio{).i .,i niiienna div)si':'.n vaeia. I b i ii < •io; para rnefiii' 
la dosis eo* lond ic nl e .» c.iabi .ol'ol basla inovit 1 v- n ' ae* n ! e <1 maaeo 

brio (piles ('Oil rajiub / no s'- licn.trian l.i'oi |os alacob. ,) li.is'.i eonlar (d 
numero de divisioiu s eorf<‘sr)oi.d'’'Td(\ \ a' ( i ona; d- '-pet'ss el ventilador. 

Ofxrta.iido sieiiipra' ev>n ciainoo redn ado ;i jcdvo finisiri o y mny seeo, 
la maqin'na aceoadora fii:!'. io.i.ira bi' ii dc ordinario; pero .•''•ri.i iiiiiy eonve- 
nienle pod;. !' eonpirol i.e-' eon reJaliva .bn ibdad ‘i sii fuia ioir.ini'oiJo vm nor- 
mal. Co.eiribuiria, a c llo e! j -.e eer ion) disj a ).'iiei'’-n (riKal.t doiitad:' y lorni- 
llo sin tin, {n>r ( jemfdo) p., a <r..r .nli/. e (pin ( ! inoviinienlo d(d inannbrio 
se vcnlica con ja 1 'nliied naeesaria }>.ifa a.scenjrar (d ilenado de bvs alveo- 
los; puc^, t d C(;:no esla boy dispuesto, ( s fa‘ i! aia lonarla eon rapldi*/ (pie 
impida se Ibanen bicn, mermando la cant i( lad eaiculada para cada arbol y 
sin que pueda esto C()mprol)arsc. 

El proced imiento operatorio es el sli^uieiile: cubieado (d arbol, ( ii- 
bierto por la bjna, y ballada la dosis necesaria de producto (eri forma ana- 
ioga a corno s(’ liace con el cianuro cic sodio), basta medir la cantidad 
correspondiente a cada arbol en ia macpiina antes descrita e introducir cl 
cianuro de calcio bajo la Iona, accionando cl ventilaiJfjr que con estc fin 
Neva la rria(_|uina y sosteniendo la manj^uera a cierta altura, para (pie se 
reparta uniformcmente. Esto es de irran irnpoitaneia para consejruir buc- 
nos resultados, pues si nos limitamos a accionar cl ventilad(jr sin observar 
la salida del cianuro, sc crji^e pelig^ro dc que, acumuland(jse el polvo ai 
chocar contra el suelo, tronco o bierbas, pierda el intimo contacto con el 
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aire, necesario para 
que tenga lug^ar la 
reaccion que orig^ina 
el desprendimiento 
de acido cianhidrico; 
si el cianuro de calcic 
se acirmula, cl des- 
prendimiento de 
cianhidrico se Kara 
mal y mas Icntamen- 
te, o, lo que es lo mis- 
mo, no se aprovecha- 
ra mas que una parte 
Pig 2." valor insecti- 

Fumiiracion de olivos con cianuro de calcio. cida. 

Siendo cada par- 

ticula de cianuro un foco de forrnacion de acido cianhidrico, debe pro- 
curarse repartirlas lo mas uniformemcnte posible bajo la Iona que cubre 
el arbol. 

Para ello aconsejamos que sostengfa un obrero la Iona recogida a 
suficiente altura para que otro agachado pucda guiar el chorro de cia* 
nuro finamente pulverizado que envia el ventilador, procurando quede 
bien repartido por todo el arbol (figs. 2 \ S."" y 4.“), hasta que, cuando 
haya salido casi todo y 
vea puede escaparse 
algo o Ic llegue un poco 
de gas, se deja caer la 
Iona, quedando el segun- 
do obrero sostenicndo la 
rtianguera dirigida hacia 
arriba, pero desde fucra 
de la Iona, Despues de 
est3 debe continuarse 
por breves momentos el 
funcionamiento del ven- 
tilador, para tener segu- 
ridad completa de que 
ha salido todo el cianuro. Fumigj 



Fig. 3." 

Sn rle olivos con cianuro de calcio. 
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Dosis necesarias e influeiicia de la temperatura 
sobre las mismas. 

Teoricanicntr , 100 ^rranu)s do ciaiuiro sodicH) did 9S por 100 dc‘ ri()iK*- 
za (130 rtdcrida a cianiiro potasico) prodiicrn is,»iial canlidad dc acido 
cianhidrico qur 200 ^rranios dc Cyano^Ms con 10 por 100 dr riqiir/a rii 



1 .Kr <1/ 


Reconorienilo olivos funii^^ailos. 


cianuro de calcio. Ks drcir, qiir dos partes dtd ciainiro calciro (*rnpleado 
(con ricpieza del 40 a 50 por 100) ecjuivalrn a uiia de cianuro sodico. Aiiri- 
que (tanto en uno corner en otro caso) Imy diversas causas de perdida que 
reducen la cantidad de CNH despri^ndido, praetieainente piiedc! admitir- 
se la ecjuivalencia indicada corno base <i'- comparaciou para calcular 
las dosis. 

En las experiencias reaiizadas durante los dias 12 y 13 de Marzo to- 
mamos dosis equivalentes a dos y dos y media veees las de la labia nurne- 
ro 1 de D. Leandro Navarro, considerandola referida a cianuro sodico, 
pues estas dosis (y aun aumentadas en un 30 por 100) son las que se ern- 
plean, seg^un los casos, en la fumijracion por el procedirniento de los jrenc- 
radores. Como la maquina utilizada media unidades de 20 j^ramos en luj^ar 
de 24, que son a las que nos referiamos en los calculos, resultaron (corno 
podra observarse en el cuadro resumen de las experiencias) cantidades 
inferiores a dos y dos y media veces las de la tabla numero 1, y que, en 
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algunos casos, coinciden con el doble de las que fig^uran en la tabla 3/4 del 
Sr. Navarro (o sea vez y media las de la tabla 1). 

Las fumigaciones obtenidas fueron francamente bucnas, pues los 
Phlaeothrips murieron. Para mayor garantia se guardaron insectos de 12 
arboles en tubos, para observarlos al cabo de veinticuatro horas y com- 
probar si la accion del insecticida habia sido completa o revivia alguno. 

Se opero en condiciones excelentes dc tcmperatura, pues estuvo 
comprendida entrc 18 y 24 *. 


Experiencias de fumigacion de olivos para cornhatir la plaga 
de * Phlaeothrips ole.ae* Costa, mediante el empleo de cianuro de calcic. 





PSICROMETRO 


INSECTOS OBSERVADOS 

Niimero 

del > 

arbol. 

DIMENSIONKS 

(iramos 

de 

cianuro 

dc calcio 

Termo- 

metro 

se c o 

Ter mo- 

metro 

humcdo 

Hume- 

dad 

relative 

HORA 

‘ Dc.spucs 

‘ de la fumigacion. 

Vivos. Mucrto.s. 

Al cabo de 24 ho- 
ras en tubo.s. 

Vivos, Mucrtos. 

1 

(*) 

10,5. A 15 

1 60 ' 

20*^ 

14" 

48 

12,15 

> 

149 


1 35 

2 

8.7 •: 11,9 

100 1 



» 

12,17 

» 

48 


36 

3 

11,1 X 14,7 

160 

19" 

12" 

38 

13,32 

1 

63 

» 

21 

4 

11,1 X 15 

160 

» 

» 

» 

13,34 



» 


5 

11,4 X 15 

160 

20" 

11,5" 

30 

15,30 

V 

-97 


60 

6 1 

11.4 X 15,4 

180 

» 

» 


15,32 

» 

192 


38 

7 

11.4 X 15 

180 

190 

11" 

31 

16,54 


263 


66 

8 

11.4 X 16 

180 

* 


» 

16,47 


236 


- 

9 

8,7 X 12 

100 

18" 

13" 

53 

9,32 


75 


56 

10 

9,6 ■ 13 

120 

* 

> 

» 

9.34 

2 

235 

> 

» 

11 

8,4 < 13,5 

60 

20" 

12" ; 

32 

10,49 

■> 

44 


45 

12 

10,8 X 13 

80 

r- 

> 

* 

10,51 

* 

296 


36 

' 13 

8,3 < 8 

60 

22" 

12" 

21 

12 

> 

48 


43 

14 

7,2 X 10,2 

80 

* 

> 


» 

> 

252 



15 

9,4 X 14,5 

120 

23" 

13" 

25 

1 13,10 


162 


r 

16 

8.1 X 11,3 

80 

* 

^ 1 

» 

14,42 


226 


78 

17 

10,2 X 15 

120 

23" 

13" , 

25 

14,44 

» 

65 

*■ 


18 

8,7 V 13 

80 

24" 

13" 1 

21 

15,55 


320 


> 

19 1 

10,2 X 14' 

120 i 

» 

> 

i 

» 

15,53 

1: 

» 

155 


» 


Estos datos se refieren unicamente a las experiencias realizadas en Mora de Toledo 
los dias 12 y 13 de Marzo, en el ensayo oficial de este producto. 

El tiempo de exposicion fiie de una hora en todos los casos. Se opero con cielo des. 
pejado y sin viento; salvo en el caso de los dos primcros arboles y en los olivos 3.° y 4.", 
en los que se levanto un poco la Iona por el aire. 


(*) La primera cifra indica la suma de lecluras en las escalas de la Iona, y la segfun- 
da, la circunferencia del arbol cubierto. 
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En experiencias llevadas a caho durante los rncses de Octubre y 
Noviembre, ensayarnos dosis comprendidas entre dos y tres y media voces 
las de la labia numcro 1 del Sr. Navarro, y pudirnos comprobar la j^^ran 
influencia de la tcmperatiira sobre la eficacia dc la fumii»aci()ii. 

Trabajando a 6 y 7 llej^amos a emplear dosis ccjuivalentcs a tres 
veces las de la tabla niiinero I, y los resultados obtenidos no fucMon l)iie- 
nos. Sc observaron insectos vivos en proporcibii no despreciable, y reco- 
gidos cn tui^os al^^unos d(‘ los al parecer muertos, revivieron en parte il 
exponcrlos al sol al cabo de dos dias de la fiimivfacibn. 

Esta defcn:tnosa accibn, en tales eondiciones de ainbiente, no debe 
extranarnos; pues a fin de otono o en invierno, y con tinnperatnra de 5 a ()'\ 
estan los Phhu nthrips aletarj^j^ados, vfuareeidos c ininbviles y con nna aeti- 
vidad respiratoria redueidisim<i. Por consi}^uienle, la cantidad de aeido 
cianhidrico in'L,’‘erida lia de S(‘r muclio menor <jne (‘on tempi'rat liras siipj*- 
riores, cn las (pie el insecto eonserva mayor movilidad y actividad respi- 
ratoria; no inijiriendo dosis s!'beicnt(*s del i^as tbrico, i)ara prodneirle la 
muerte liaria falta crear nna atm(')sfera miiclio mas eoneentrada (i(‘ cian- 
hidrico, iv,niorand(^ la dosis (pie piidiera s<*r necesaria para r(*ali/ar nna 
buena fiimisraciini. 

Conforrne a lo (rx[)uesto, por bajo d(‘ 8 a 10' (sobre todo, si(mdo 
estas temperaturas rnaximas) no es aconsejable fumij^ar, pues los resultados 
seran sciruramente dudosos o malos. Y no se crea (pie pai*a trabajar a tempe- 
raturas inferiores de las sciialadas bastaria aumentar la dosis en la propor- 
cion necesaria; fines, aparte del inconveniente ec(jn(nnico que esto supo- 
ne, no se conse^^uiria, en ruiestra opinirm, mejorar jrran cosa los resultados. 

Por otra parte, a esas temperaturas la difnsi('>n del ^as cianliidric(^ ha 
de tener lu^rar (Jc peor rnodo, y en este aspecto el cianuro de sodio qui- 
za presente una cierta ventaja |)or desprenderse cl j^as en caliente, corno 
consecuencia del calor desarrollado en la reacci(Mi; hay (fue considerar 
tambien que en cl caso del cianuro de sr^dio el tiemprj de exposicii'm a la 
maxima concentraci('in de j^as es mayor cpie en cl de calcio, por(fue el 
desprendirniento de CNH es en el primero mucho mas rapido. Pero de 
todas maneras, por debaj(j dc los limites schalados, creernos ban d.e c(;n- 
seguirsc resultados dudosos, con poca difcrencia para ambos procedi- 
mientos (segun tenemos c(jmprobado), aun queriendo pasar los limites de 
una dosis economicamente posibic. 

Las consideraciones anteriores nos hacen pensar que, sejruramcnte, 
no se saca en Mora el fruto que debiera obtenerse de la fumij^acion, por 
no aprovechar bicn las t*pocas en que sc tiene temperatura conveniente 
para realizar un buen trabajo. En realidad, cl hecho principal que limita 
la posibilidad de fumig^ar, en cuanto al Phlaeothrips se refiere, es la pre- 
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sencia de huevecillos sin avivar, y, por consigfuiente, en cuanto a princi- 
pios de otono deje de haberlos, sera momento oportuno de hacerlo; 'me- 
jor quiza que hacia fines de invierno, antes de la puesta, en que, aun dis- 
poniendo de igual temperatura, se hallan mas esparcidos los insectos, 
incluso por el terreno, como consecuencia de las operaciones de recolec- 
cion y poda. 

Influencia de la humedad atmosferica. 

El g^rado de humedad relativa de la atmosfera influye sobre la rapi- 
dez del desprendimiento del acido cianhidrico. Segfun los estudios 
de W Moore, con una humedad relativa inferior a 35° el desprendimien- 
to de dicho gas es demasiado lento (dura varias horas), y, por consiguien- 
te, no podria utilizarse. 

En cambio, con humedad relativa de 35° en adelante, el desprendi- 
miento cs muy rapido y casi total en la prirnera hora, variando muy poco 
con el aumento del grado de humedad relativa, en tanto este no alcanza 
la cifra necesaria a la condensacion de agua sobre las hojas. En estas con- 
diciones el desprendimiento de gas no es normal, y podria, ademas, haber 
peligro de perjudicar al arbol; por lo cual (de la misma manera que con 
el procedimicnto del cianuro sodico) no debera fumigarse con humedad 
ex6esiva, esto es, cuando se dbserven las hojas mojadas, lo mismo que 
si lo cstan las lonas o el terreno. El cianhidrico se desprendera imperfec- 
tamente, porque siendo muy soluble en el agua, alii donde las particulas 
de cianuro caigan sobre ella, una buena parte del CNH quedara retenida 
en disolucion, disminuyendo la concentracion de la atmosfera que rodea 
el arbol y, por consiguientc, la eficacia de la fumigacion. 

En las experiencias realizadas en Mora de Toledo, llegamos a ope- 
rar con 24'‘ de humedad relativa, y, sin embargo, los insectos morian, 
indicando esto un normal desprendimiento de gas, en aparente contradic- 
cion con los trabajos de Moore. Pero facilmente se comprendera que la 
humedad relativa bajo la Iona, cubierto el arbol, ha de ser mucho mayor 
que al exterior, y para comprobar este extreme nos encerramos con cl 
psicrometro bajo la Iona de un arbol sin cargar y anotamos las siguientes 
cifras: 

HUMEDAD 

RELATIVA 


Al exterior 25 

Bajo la Iona y pasados 15 minutes de cubrir el arbol . . 45 

^ » > 25 . 42 

> * 32 * » * ... 46 

* » * 37 » . » ... 42 
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Como sv' VO, bajo la Iona la huincilail rol.it’va crt\ miiy superior al 
limite sonal.itlo wmuo lUHosatio para aso\pir.»r un buou <lospr<*miimienlo 
de ^as, y presentaba uiui or.m lidoreiu i.i cou la di l extern)?, deiriila a la 
transpiraciou de la plauta. I' sto rebaja <‘l limitr* inferior tie bumedati rela- 
tiva a tjue puede trabajarsi*. didijendo servrr tie \oMa el tpie no stM inft- 
rior a liajt' la Iona, ast‘v,oM antlose di‘ ellt) lepetidas veees, siernpro t|ue 
al exterior baje dt* dieha eilra 


Accion sobre la planta. 

En nin^ruiu) de los olivos tratatlos observ.unt>s lesidr\ al^ruira, ni aun 
cn los easos en tjue operamt)s a mas altas temper. tturas. 


Conclusioiies. 

Ct)mt) resumen de lo exjiuesto, puetlen tlmlueirse las sijtiiientes; 

1. ’ I rab.ij ando a tem)><*raturas eomprtMulidas entre 8 ”, t) mejor 10, 
y 25 eon dosis de Cyano\nis eomprendidas entre tr(‘s y 'media y una y 
media veees, las correspondi(*ntes a la t.tbla numero 1 del Sr. Navarro, 
hemos obtenido buenos resultado;, eomparabics a los tjui* si^ obtie.neir 
empleando el cianuro de sodio y aeidt> sulfurieo a las dosis etpiivalentcs. 

La dt*terminacit)n ex.ieta dt* la dt>sis rn.is conveniente j)ara eada cast) 
podra realizarsc partiendo de las cifras indieadas, (pjc la practica podr.i 
rectificar de acuerdo con las C()nsideraeit>nes expuestas. Pero en ninj^jun 
caso creemos S(*a aconsejable emple.ir dosis Irderiores al <loblt‘ de las 
neccsarias de eianurt) de sodio. 

2. ’ Lo anterior sc refiere al produeto Ci/ano^as C(;n una ritjueza 
de 40 a 50 prjr 100 d(* cianuro de calcio y un j^rado tie finure del 80 por 100, 
con rcspeeto al tarniz numero 200. 

3. ' Con liumedad relativa de 35’ t) inft.‘rior a ella, bajo la brna, no 
debe fumiirarse; por lo cual, cn euanto al cxleritir descienda del limite 
fijado, debe delerminarse la liurnetiad debajt) de la Iona en un arbol sin 
cargar, al objeto tie coinprobar tpje sc conserva superitjr a 35 aunque al 
exterior sea mas baja. 

4. “ Tampoco debera fumigarsc con las tiendas, liojas o terreno moja- 
dos. La gran solubilidad del acido cianhidrico en el agua mermaria nola- 
blemente la eficacia de la fumigacion, con riesgo de producir la cafda de 
las hojas cn cl caso de estar mojadas. Asimismo debe suspenderse el Ira- 
bajo cuando amenace Iluvia. 
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Es de gran importancia que el cianuro de calcio quede repartido 
uniformemente en el interior de la Iona, evitando se acumule en determi- 
nados sitios; pues ello disminuiria la rapidez del desprendimiento del 
acido cianhidrico, con merma de su eficacia. 

6.“ El procedimiento de fumigacion con cianuro de calcio presenta, 
con respecto al del cianuro de sodio y acido sulfurico, la ventaja de ser 
de manejo mas facil y hasta menos peligroso, asegurando, ademas, una 
mayor duracion y conservacion de las lonas, por no exigir el empleo de 
acido. El no necesitarse agua es tambien, en muchos casos, una ventaja 
no despreciable. 

Miguel BENLLOCH, 

Ingeniero Aj^ronomo. 


I rmisldlid from llu Sf^miish 

EXPERIMENTS IN THE USE OF CALCIUM CYANIDE 
FOR THE FUMIGATION OF OLIVE TREES 
TO CONTROL THE PEST, 

Phloeothrips oleae, Costa. 

Ever since the fumigation of orange and olive trees with 
hydrocyanic acid gas came into general use, research has been 
constantly carried on with a \'iew to perfecting the metiiods 
employed, in order to make them more practical and econom- 
ical. One step forward in this direction was made by adopt 
ing the use of calcium cyanide. 

During the past autumn and winter we conducted e\ 
periments in the olive groves of Mora de 'Toledo in order 
to verify the value of this product for the control of tlv 
‘hirahuelo’’ [Phloeothrips oleac). 

In these e.xperiments wx* used a calcium cyanide known 
as “C.yanogas A Dust'’ furnished by the Sociedad Fumiga 
dores Quimicos, of Valencia (a branch of the American 
Cyanamid Company of New ^'ork). 

This is an exceedingly fine powaler, 8()C of wdiicli 
will, according to our findings, pass through a sieve of 
meshes to the French inch. It has a strength of 44.62C <4 
calcium cyanide, according to an analysis made by the Agr** 
nomical Station of Madrid, and in addition showxd the 
presence of calcium cyanamid to the extent of 457 per cent. 
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riic liiin> 'illci In It) (It'livfi lI'I'kIn wiih .1 [uiif i.iKium 
CN ciniiic- t. '»iHcnt tif hctwci n .iihl pt r i i-m li wouM he 
prctc‘i .ihlc‘ It thi> tn. II 14111 i cil lu i‘il . >11. <c .1 pnvsil^it' \ 

lion 'tt ht in the Nticiilh ot ilu- .uti\c* [oiiuip.il m .1 piotliul 
with .1 m.iMinmn [>inil\ ol M) '. in. <>l ioiiinc. too i^ic.il loi 
aciui.itc Ipmii inu ‘)t i!u; tju.inlifUN ictpiirt il. umIc nn miii'c'ti. ilic 
lowe r limit he' .i!w.i\n t.ike'n .is .1 woikini; h.iNis 

riu' piope'itN t»t e.iKium lA.innie- Id le-.iel \s 1 1 h flu* s.ipo; 
ot the .III Id torm h\ il 1 « »e \ .inie .uni 14 . in. is the h.iNis dI ii> 
inscelUhl.il \.ilue-. riu' li\ ti I < )e \ .in u .u id lOis is tlu'i e‘lt n e- 
forme'll wkIiduI the' use* ol .m\ .uni w h.ilsi k'\ ti . ii;nli.M\ to 
the UNU.il tumi:4.itiDn methods with NDilium i\.inui(‘, whuh 
rcijuiie the' piescnee- hoih td sulpimiu .u id .md siifi'u icni 
wate'i to piDtliue' tiu' le'.ulion. Ihe e.ihiimi e\.imde le'.uls 
with the' w.iU'i \.i[U)i e.uisin;4 the' iDim.ition ol e.ileiiim 
h\(lro\id(' .md h\tiroe\.inu .u id ;',.is. 1 .\<)ie I) 

( .1 ( rx ) M i .0 c'.i ( ( )i i ) di u ;> 

I'l tiin this It Is pl.iii, ih.il in oi tlei th.il lh<' ;.4e nei .11 ion ot 
the h \ d I oe \ .m le ,u id he' e oinple'le'. 1 1 ( (' e ont.u t o| the lu le's 
of eahium e\,mide' with .111 eoni.iinm;; .1 eeil.im .mioiint « I 
fiumidit\ |s lU'e ('ss.t I \ , ( )n the- other h.ind. 1) the m.lle'il.ll IN 

kepi d r \ .md remo\ e'd I roin e ont.u I with the .1 1 1 . 1 1 \s 1 1 1 re-mam 
unalfe'e te d ,md line h.im4e'd. 

M .\.\ \ l I< Ol ( )l’l KAI lo\ 

In order to t.uilitate the' me'.ismin.i 4 and disirihnlion ot 
the e ale Him e\.mde' diisi, we Use an apparatus turnishe'd l)\ 
the s.mu' eom[).m\. This .ippar.ilus is se-t upon .1 low lahh' 
whuh is (([uippe'ti with h.mdle's like' .i plow so ih.it it ma\ he- 
casil\ mo\e‘d .ilxait h\ two woiknu'ii. It eons|s|s e'sscni i;i 1 1 \ 
of three p.irts; .1 e\.mule re'se'iAoii, .1 * 4 .iUL;m,i 4 de\ u e- .inti .. 
fan (lue . j. 

i he res( i\.Mr o ».(inu.il m sh.ipe. with tlie hroade'i base 
at the' top. .md is e'ejuippe'd with .in .ir^Hatoi whuh, atle'i the- 
gau.uonLi de'\iee he'L4ms to tune Hon. mo\ e s m sm h .1 maime'i .in 
to feed the latter. 

liK' lee-de'i eoiisistv (.svcn 1 1 .1 1 1 \ ol .1 iJmde'i with lioi 1 
zont.il a\le'. h.i\int4 si\ de-e'p i4ioo\e's sv tmne't r u .i 1 1 \ airan;4ed 
on its siiil.ue'. d'his e\lmiler stops up llie- lower oiitle-l ot itu' 
reser\oir ,md. mo\ eel h\ me-.iiis ot ;] e r.mk sjidmo on |i\e-d 
vcrtu.il iiisk litteel upon llie- evlmder .i\l('. e.irru's eae h «jj 
the i4ro\es forward m turn to tlie outle-t. 



On this disk six points arc marked off dividing it into as 
many ccjual parts which correspond to the movement past the 
outlet of the cyanide reservoir of each of the six grooves 
mentioneil. d'hese are hi led as they pass and capped sidewise 
until they reach the opposite position, where they are released 
over a chamber that is accessible to the air from the fan. Idle 
draught set up by the fan carries the cyanide to the outlet 
tube set in this chamber. 

A rubber hose is fitted to this tube to con\'ey the cyanide 
underneath the canvas with which the tree is covered. 

d'he unit measured off is the amount contained in each 
groove of the cylinder, and the apparatus is regulated to make 
(hat amount 24 grams. With the apparatus used for our 
experiments, howexer, we found the units, on repeated weigh 
ing, to be 20 grams instead of 24; and conseijuently the 
cjuantities actually used turned out to be less than those we 
had figured, on the basis of a 24 gram unit. 

When starting work after the reserxoir has been filled, 
it is advisable to give a complete turn and discharge the 
cyanide into the air, so as to make sure that no empty division 
is passed up. This done, the crank has only to be slowly 
turned (if turned with speed the grooxes xvill iu)t fill properlx ) 
in order to measure out the amount for each tree, using as 
many dixisions as are necessary to gixe the correct dosage. 
Idle fan is then set in motion. 

ffrox ided a finely poxvdered and thoroughly dry cyanide 
IS used, the gauge xvill xvork xvell as a rule; hoxvever it xvould 
be xvell to haxe some means of easilx determining xx'hether its 
operation is normal and correct, h'or this purpose an attach 
ment (xxheei with teeth or an “endless ' bolt, tor example) 
xxouid be helpful to make certain that the movement of the 
crank maintains a suflic iently sloxx’ pace to insure the filling of 
the grooxes. The xvay it is noxx' arranged, the gauge can 
readily be moxed xvith a speed that hinders complete filling 
and thus reduce the amount intended for use on tree, xxliile 
no means are prox ided for checking this up. 

'The actual method is as follows: after measuring the 
cubic space occupied by the tree covered xvith canxas, and 
after determining the (juantity of product reijuired (in the 
same xvay as xvith sodium cyanide), there remains only to 
measure the amount needed for each tree, by means of the 
apparatus above described, and to force the calcium cyanide 
beneath the canvas bv turning on the fan xvith xvhich the 
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oulshle keeps the Iimsc direiied upw.iid I'he 1 . 111 is then kepi 
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‘Jiie [Ml ( Mt s,,dium (\.ni..!e. \llhMuph in IimIIi c.ix-s iIicm 
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Mar( h \\ e tMck .miMunis eipii\.iient Im |w«j .md two .md ,i halt 
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times those e^iven in the sodium cyanide Fable No. 1 of Don 
Leandro Navarro, since these amounts (even increased by 
) are the ones used, according to the case, in fumigation 
bv the ‘‘pot'' method. Since the apparatus we used afforded 
units of only 20 grams instead of 24, on which we had based 
our calculations, the amounts turned out to be (as may be 
seen from the tabulation of our experiments) less than two to 
two-and-a-hal f times those of 'Fable 1 and which in certain 
cases are e(]ual to double those given in Mr. Naxarro's 1 able 
d'4 (i.e. ( ne-and-a-half those of 'J'able 1). 

Fhe fumigation results obtained were evidently very 
good, as the P h I ocoi li n ps were killed, io make doubly sure, 
thrips taken from 12 trees were placed in tubes for observation 
at the end of twentv-four hours, to determine whether the 
insecticide had done a thorough job or whether some of the 
insects would rex ive. 

Working conditions xvere excellent from the point of 
x’iexv of temperature, xxhich fluctuated betxveen IS and 24 
degrees centigrade. 

ig\ iM-ao M i;s. I s 'll llu- !• iiiniL^at ii 11 et < Hive I revs lor ontrolliiiLi iln- Pest 
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where tlie wiiul sliejuly raided the eanvas. 

( M H'lie first li.mire indicates the sran <>l the readings (Hi the scales <•! the canvas, 
and the second indicates tin- eircnin feraiua* of the coxered tree. 
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III (lu* f\ pc niiUMit ^ c.H ricti nn Jui iiii* ihc ninnih^ oj 
()i.tol)(.i .iiiii \ I >\ (‘111 |)c I w (‘ iiN(‘il ( j 11 .1 II 1 1 1 u's .1 111! til 11 1 1 n ^ (() liitiii 
two to t\\<t .iiui A li.ilt iinifN those* mxcii m Mi. \.i\.nro’s 
I ;ll)lc 1, .iiiii We (tlweiAed tlu* iiiip«ti t.iiu c‘ ot tein pei .it u 1 1 * m 
obt.i iiiiiil; .1 t fio i( »u l;Ii tuini^.iiion. 

\\ lull woikiii^ (i .111(1 , ( we h.id t*i U'^e .iiuttunts 
cijii I \ a lent to thice tinu'' those* sh<*wn in l.ihle I. \ei tin* 
result** ohi. lined were not s.iiisl.u toi\ . \ tew 1 1 \ e i mmc t s w c re 

obsrrxed and a nuiiihc! ol those that were appareniK dead 
when plarc'd m tuhe^. ie\i\ed on hein;,» expioed iii the vtin 
two d.i\ s .1 1 tei ) inni^at ion, 

I Ills un^a 1 1 **! ac i« ti \ result undci t he* e oiid 1 1 ions nn n I loned . 
should l)i‘ no eause hn surprise; suuc to\sard the end o| 
autumn and <lurinu du' winlci with temperatures ,\\ > (' | t 
6 C the P /i / I In i ^ are in a si .i le <>1 let h a re, \ and i mmol )i 1 1 1 \ , 
then ;(>piiaiit! \ aeti\it\ hemi^ icdined to a minimum. 

i oiise, j (K-n ( I \ the amount ol lodotevann ae id ;’as ihe\ 
hrcatlie m is. (if i(»ui*e, mm h less than at ln;dn‘i t em jie ra I u i es 
wfien l!ie iiiseei is more aeti'c and lespnes .n .i moie lapid 
rate*. ^iiue llie\ do not take in suli'n leni (|uantilies (d to\ie 
l^aN to eause them deMlh. it Would he neeess.ii\ |,, eieale an 
atmosphere' e ha r-^ed with a mm h ^re-atci e om ent r.i t ion ol the 
^‘ts. It ha** not howewei heeni eieteimmcd just what (|uantit\ 
would lie nee e'ss.ii \ to obtain this result under sm h e onditions. 

In aeeordaiuc with the ahoxc, n is not ad\: ahle to 
fuml;^lte• .It lean juralu res helow S ( to Ml ( ( pa i I le u 1 a rl \ 

when these are ma\imum leanjxaatu res ) as the results a i c 
hound to he either <h)uhtlul or poor Xoi should it he 
imagined that in order to w ( > r k at 1 o w e* i t e i ii pc i a t u r es than 
rliose mentioned, the (juantit\ need onl\ he p i op( n I lonatel \ 
increased ; sim c‘, .i'*!de I rom the ee onomie <1 is.id \ anlain-s w Im h 
these in\o|\e, we are ol the opinion that the icsult*- would not 
tiu ■reh\ he fat I \ impi o\ (d. 

( )n the other hand, at sui h t( nijxratu res the difhision ol 
the h\(jroe\anu ai nl l,ms will not he suliiinait. .ind lr<»ni tin* 
poitit ot \ lew sodium i vanide w ill prohahK offer an ids an 
ta;^c. siiiee' heat is Luaicratcd m addition to the '.^as pojdme l 
hy the reaction. It must further he considered that in the 
I'asc ot sodium (.yaniilc. the time of exposure to the mavimum 
concentration of tlie L^as is lon;rer than with (ahium ( \anide 
as tile IIC'X in the- first ease is ^^enerated imnc rapidly. .At 
any rate, helow the minimum temfier atu res, we heliexc tIu- 
results fd)taine<i wmuld he douhtful .md thc‘ dilfereme hetween 



the two methods (aceordiii^^ to our experiments) would be 
slight, e\en thouL^h the limit of an economically feasible 
dosai^e was exceeded. 

These facts lead us to belie\e that at Mora the crop that 
should be obtained through fumigation is not produced be 
cause ad\’antage is not taken of the seasons that afford the 
temperatures desirable for effect! \c results, in fact, tlie prin- 
cipal factor restricting the chances of successful fumigation, 
so far as the I\hlo(>ol hri ps is concerned, is the presence of small 
dormant eggs. Karly in autumn when these are no longer 
present w'ould be the most faxorable time for fumigation, 
even better perhaps than towairds the end of w inter before the 
eggs are laid, wdien although the temperature be the same as 
in the autumn, the insects are more scattered and even found 
on the ground, owing to the operations of harvesting and 
pruning. 

1 XFl.l’K.XCK OF Hi MIDFIX Ol- THIS .\ll< 

According to tlie studies of W . Moore, the degree ol 
humidity in the air affects the speed with w'hich the hydro 
cyanic acid gas is generated. At a humidity under the 
generatio'n of IK'.X is too slow (taking sexeral hours) andi 
conscaiuently it cannot be used. 

On the other hand, at a humidity of xs'd ami up the 
generation proceeds rapidly and almost complcicly within 
the hist hour, and varies only slightly upon further increase 
in humidity, up to the point where it is so Itigh as to cause 
the \apor to condense into water upon the leaxes. 

I nder such conditions (he generation ot the gas is not 
normal and danger of injuring the tree would exist; accord 
ingly (just as in the sodium cyanide treatment) fumigation 
should not be done when there is cxccssixe humid itv, that i^. 
when the leaxes, the canxas, or the ground beneath are damn 
'Tlie gas xvill generate only partially because, being ver\ 
soluble in xvater, a large percentage of the HC\\ xvill go into 
solution in such places where the particles of evanide come 
into contact xvitli it. d'his has the effect of diminishing the 
strength of the charge in the air surrounding the tree, and 
accordingly reducing the effectiveness of the fumigation. 

In the experiments carried on at Mora De Toledo, xvf 
also worked with a humidity of 24o . Even at this lox'' 
humidity the insects were killed indicating normal generatioi 
of gas in apparent contradiction to the findings of Moore 
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I I. 'The foregoing applies to Cyanogas having a strength 
of 40 to sO per cent of calcium cyanide and a fineness of 8()/r 
relative to a number 200 sieve. 

III. At a relative humidity of 35'/^ or less beneath the 
canvas, fumigation should not be performed; accordingly, as 
soon as the humidity on the outside falls below this limit, 
that beneath the canvas of an untreated tree should be deter- 
mind in order to make sure that it is maintained at oxer 33' A 
e\’en though it be lower on the outside. 

IV. The fumigation should not be performed when the 
tents, the leaves or the ground are damp. The great solu- 
bility of the hydrocyanic acid gas in water would considerably 
lessen the efficacy of the fumigation and might even cause the 
leaves to fall in case they were damp. Likewise, with rain 
threatenifig, the work should be delayed. 

V. It is very important that the calcium cyanide be 
uniformly distributed beneath the canvas and that it should 
not accumulate in a few places, since this would diminish the 
speed with which the gas would be generated, and thus 
reduce its effectixcaiess. 

VI. The process of fumigation with calcium cyanide 
compared to that of sodium cyanide and sulphuric acid offers 
the advantage of being more easily performed, of being less 
dangerous, and assuring, moreox'er, greater life of the tents, 
since it does not recpiire the use of acid. The fact that no 
water is needed offers, in certain instances, an adx antage that 
is not to be despised. 

\li(aa':i. Bkmj.och, 

A g r i c u 1 1 u r a 1 K n g i n ee r . 


s lu'd April l.\ ClC. 
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rcMsun-v. I'lu !]ufh<ui nscj m piddiuni;; li\ d i < \ .1 n u .uni 

^as \s.is h\ ilic .ution «>t siilpliuiii .u kI <>ii sotimin (.N.inidc lu 
pots (II i.Ms, 1 umi^.ition with .1 low t < nu cn 1 1 . 1 1 ion o\ci .1 
loiiL,' pri lod o1 iinu- was iinpossildc 1)\ this nn ilnul snuc ihc 
^as Is all (wohcd .11 one (inic .ind soon tails below a lethal 
c'onccn 1 1 a t ion due (" leak.i^e. ! <» obt.iin a s.ii is) ai (01 \ kill 
it was lU'M'ss.m t" use hii'h dosai'cs joi .1 short pei lod 4>1 
timie dhese hi^li dos.i^cs nei essi i.i jed .i ventilation ol the 
house at the (lose ot tin lumii^ituni with the resultant (hill 
ot the house. d'lie use ol a hiidi ( oiu ent r at ion os . is 
liable to (ausf serious iniui\ to the pl.ints 



Very recent experiments have shown that a low concen- 
tration for a loni^ period of time is more fatal to the insect 
than a high concentration for a short period of time. C'y 
;inogas Calcium Cyanide gives olf its gas for a long period 
of time, and thus eliminates the undesirable features inherent 
to the use of sodium cyanide. The advantages of Cyanogas 
Calcium Cyanide as a greenhouse fumigant were (juickly 
recognized by Mr. K. R. Sasscer, Dr. C. A. Weigel and 
Mr. C. K. Doucette of the Hureau of Kntomology, I nited 
States Department of Agriculture. "Fhey conducted exten- 
sive experiments to determine the tolerance of plants and 
the degree of insect control resulting from the use of varying 
dosages for diflerent fumigation periods. The results of 
these experiments were published in the Journal of hiconomic 
lAuomologv, Vol. 17, No. 2, April, 1924, p. 214, “Recent 
Developments in (Greenhouse Fumigation with Hydrocyanic 
Acid (Gas", F. R. Sasscer and (\ A. Weigel, and in Vol. IS, 
No. I, FA^bruary 1925, p. 1.57. 


Calcium Cyanide as a Greenhouse Fumigant 

During the past stunmer samples of calcium cyanide in granular and 
dust form were rcceix'cd from Dr. Wm. Moore and experiments were 
undertaken to detenninc their value as greenhouse fumigants. Pre- 
liminary experiments in a 200 cubic foot box with the dust were made 
and more recently similar tests were conducted under actual greenhouse 
conditions. In the box tests the calcium cyanide dust was spread over 
damp newspapers in amounts equivalent to from one-half to one ounce of 
sodium cyanide per 1 ,000 cubic feet and the plants were exposed for one 
hour to the gas evolved. Two species of a[)hids were used viz: Macro- 
siphoniella sanborni on chrysanthemiuns in experiments 1 to 9, and 
Illinoia pelargonii on geraniiuns in experiment 10. Vinca, Jerusalem 
cherry, Martha Washington geranium, begonia, and Kcntia palms were 
also included and escaped injury. The J4 ounce rate caused slight tip 
burning on Lantana and snapdragon, and the 1 ounce rate on chrysan- 
themums. These results arc shown in Table II. 
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humidity conditions for these experiments were as follows: 73® F.. 
and <S4%; 72°F., and 70%; and OS F., and S3%. 

The dust was applied in the units to be fumigated by means of a small 
hand diisler to insure equal distribution. Since hydrocyanic-acid gas is 
given off when the ])artieles of calcimn cyanide dust are exposed to 
moist air it was assumed that by forcibly blowing the material into a 
greenhouse a nearly comi)lete reaction should take ])lace resulting in a 
maximum liljcration of gas. hhu'ouraged In' the slight degi'ce of injury 
indicated in Table 111, a larger house of approximatcU' IS, 000 cubic 
feet of Sjxice involving many warieties of bedding and ornamental 
jdants was fumigated in the manner just descrilied, and with similar 
results. 

From the (‘\idence of ])lant tolerance thus far obtained with very 
susccptilile |.)lants it seems likely that this material ('an be ad<apted for 
greenhouse* fumigation pur|)oscs. However, considerable investigation 
remains to be done liefcire its status as a greenhouse fumigant can fx' 
definitely assured. These investigations involve (1) perfecting methods 
of applicxition, (2) detennining the rate (.)f evolution of gas under vary- 
ing atmospheric' conditiems, and (3) asexTtaining its insecticidal efficiency. 



h'ig. 2-2. .\pplying Cvanogas “(i” luunigant for ( Iruunhniisc bhiiniga 
tion. .\ot(‘ h'ruit-Jar ('ontaincr willi IV'rforated d'o]). 



Fobnuirv, ’‘i'll i.,m < \i < n vi « vANti»»- in «.ki \ Mini s j:{7 

FURTHER DATA ON THE USE OF CALCIUM CYANIDE 
AS A GREENHOUSE FUMIGANT 

H\- (' A W'ru.i I . l-'ntiiru'lortst, /'tm! tn^nl 

lUiTt tu t f y- *; /<■»?. H y* ( 

Ah‘' 1 M r 

i\ •' t< «>! lliitc hirui^^.it i< >1) tr(s jh .1 |kix i>{ i(H) (u!>u Irrt 

Capncitx-, ('aU'.X^ ioi.i >;jamilax at i.ilr. < >| oiiii. i- j*i r l.(KH) 

Ciibi' f« ( !, anil Na('\' at tin- latr «>f '4 <njn<«; p< r l.tHM) i fr« ( with cxpiiMjics 

lasliin; fri'in 1 t<i 7 Imurs jin Itnav**, an«l ITi hiun-., (nr all iii^;htl, nii Inin • pet u-;. nf 
aphnls, iiani( ly, A/yiij^An sp. nn rns«', Aphi% tumuis on na'.t in I nini, ajul Stturo 
siphonirlln 5 <m/><'rni and Hhoj\ilo^} phutn rufonnuuliitti nii « hi \ iwintln iuuin, arc pt<‘ 
SOTit('<l in (la- laMc. funupatinii KH)‘ , nmitahlv in « a« h tr;,l. 

T w « nt Iivi' la 1 roTunu-n i.'il «-<*iiiinn‘>r‘, wa i r fnniipatcd H » .« nl ly luan^j '4 niiiu •• 

of fjranular t'aK'N’ h fnj rai h 1,000 nihu' frt i nf :.]>a««‘, all ni>.;ht aiul an rxrrllrnt 

control nf '.p, with rnpltphli- hniniii}' nii n-^nltril (Mhcr tr-.ts pa\a* 

similar k iilt^ with .\f\zus ptt'.mir «iri « ariiat innp Ilittimii f>i\t nii swra l pea -, and 
Ai. iiinhcrfu nri nhiw sant hrninnr. A nm* <,nn< «• <ln' a>;r in nnJin) Ijou.m-s killrd 100' 
Boisduval S» air, ln>t\<iu',-illn , and ai' , nf (hr 1 half Malr, ui pt<>tcu\ 

without in ini v t n (1. iw n • . 

( 'a (( ' .\ h 1 . piv< ri < )(f rat h< r •!< 'W 1 \ .itid Ilia \ tr<juitr lon^p i r xpn- m <■ l han Nat N 
It is )inw< \ri < a n r tn n r and, l<i' that rr.c .,n, n)a\' hr nmir ^n in ialK adopft d l»v 
florists. 

In an art irlr cnt it]«<l “Recent <1<‘ \ <•!' >] nnent s ni pi c-enlx nr.c jutntpal uni-; 
with li V(h < lewitne-ac id pas” \vhi< li was ptihlrhcnl in tlie Ajail. I'.hM, 

issue et till- )«M I^SAI. OK ICc oNO.Mlc IvN Id.MOl < re , Y , the H'Mllts « d Miinc' 

preliniitiaiA evjxTirnent s with ealeiinn e\':mi«le were jnesented In that 
article it was poniteil out that thisrnatenal nupht vc i >, hkel\' lie adajitecl 
to prec-tilionse fninipation pnrp<»se' 

Dtirinp the cairrent year experunc-nt'; have* lieen (cindneterl tor the 
purp^‘‘''>e rif scnrnip answer, to the two followitip (jiie- lions I low laion 
aftCT expnsiiip < ah inrn c-vanid<* to tin- atinosplnue of a fninipation box 
will the pas (‘V'oK’ed therefrcrin n-aeh a sat i*daetdrv V.illnip c a nn ejit rat ion •' 
Is it {irar fieal and effeetive to nni c*\'<Tniphl evpr»«:,,ii,--, ;P ;i (opfrnt ration 
as low a: h, ouric'-e <'>{ c'ah inin ('vanidc- jx r l.(HH) eul)i< feid. rd air spare' 

To deternnne- th<- first qne' limi 1c- ts wear made in a liox of iOO enhie 
fei'l eafSK il\'. 11 ' iiip ('aleinin e;.anid<- <lu'.t in one -.eiie prannlar c ah inni 
cy«anide in a ' c efnnl, and ■•odniTn < 'vanide, as a <}ie< k, in the thir<l. 1 he 
Icnpdhs nf expo ures were* 1. 2, ■». I, h, 7, and lo hours eac h, the* la'.t 
represent inp a full o\ ennphl e.xiio' ine. ( 'hrvranllic munis nife' fed w itlj 
the* hlaek ehr\ .'^aiit lieinuin apiliid. Mm r<r,iphonuHUi s(inhtir)ii (tdll), an<] 
the pn-en ehrvsant h'-niinn ajiliid, Khopalo^iphnni rujimini uUiUi fWils j, 
nastiirtiinns infe ted witli Aphis rumujs Linn . and ro'ie-, infcled with 
Myzaphis ‘ p , were IK ed, 'Ida- do apes employed in tlie first and ^yceond 



138 


JOURNAL OF ECONOMIC ENTOMOLOGY 


[Vol. 18 


series were yi ounce of calcimu cyanide in dust and granular fonns 
respectively which is approximately equal to ounce of NaCN or the 
strength used in the third series. The calcium cyanide dust and the 
granular calchun cyanide used in these tests were applied by spreading 
them on newspapers placcxl on the floor of the l)ox. In tlie sodiiun cy- 
anide series the gas was generated by the usual “pot method,” i. e., by 
adding the chemical to the required amount of water and acid. 

It is evident from tlic results of these tests with cahdum ('yanide dust 
and sodium cyanide as presented in Table 1 that a satisfactory mortality 
was obtained only with R. rufoDUtcnlata in the one-hour ex])osure with 
both materials, the other spcxdes exhibited greater resistance. This 
checks well with the results usually obtained by the pot mc'thod. The 
granular calcimn cyanide acts more slowly than either of the other 
materials. At the end of the second hour a higher and more c'onsistent 
mortality resulted in almost all cases. Thereafter the effectiveness in- 
creased with the length of exposure, resulting in a 100 per cent mortality 
at the end of 15 hours or overnight exposure. 

The practical significance of these results is that in very tight boxes 
or greenhouses or when it is not desirable to fumigate all night at this 
strength the houses may be aired at the end of two hours. For older 
houses which are often leaky the exposure ma>^ extend throughout the 
night since the leakage causes a decrease in concentration. 

Practical Grlp:nhouse Tests 

In determining the practical value of fumigating commercial green- 
houses overnight with calcium cyanide, preliminary tests were tried in 
greenhouses in Washington, D. C., with encouraging results. Later this 
phase of the work was transferred to the Willow Grove, ^ Pennsylvania, 
field station, in charge of Mr. C. F. Doucette, because of the close prox- 
imity of that station to many large rose and other floral greenhouses. 
During the last three months there were fumigated about 25 large houses, 
the plants of which were infested with species of aphids, primarily 
Myzaphis sp. 

In these experiments the duration of the exposure was from 12 to 15 
hours, usually beginning about 5.30 p. m. and ending the following morn- 
ing not later than 7 o’clock. The size of the houses varied from 16,000 
cubic feet to 266,800 cubic feet. A dosage of only % ounce of the granu- 
lar ’form of calcium cyanide 4s used for every 1,000 cubic feet. The 

^This station is conducted in cooi>eration with the Bureau of Plant Industry, 
Pennsylvania Department of Agriculture, C. H. Hadley, Director. 
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chemical was applied by sprinkling it evenly on the soil in either one or 
more walks or aisles, depending on the width of the house to be fumi- 
gated. The temperatures ranged from 59 °F. to 73 °F. and the j)er cent 
humidity was from 78 to 95 . 

The mortality in most of the tests was 1 00 per cent except in several 
instances where excessive leakage occurred due to broken glass, loose- 
fitting doors, or passageways which, under the existing conditions, could 
not be tightly closed-. The outstanding features of these experiments 
were the excellent control and the negligible degree of burning from the 
gas on the roses. 

In addition to these experiments, others were conducted in commercial 
houses where crops of carnations infested with Myziis pcrsicae (Sulz.), 
sweet peas infested with Illinoia pisi (Kalt.), and chr>’santhemums 
infested with Macrosiplwniella sanhorni (Gill), were fumigated with 
similar results. Large orchid houses, containing cattleyas, cypripediums, 
and other varieties, were fumigated at a cnc-ounce rate of dosage, re- 
sulting in a mortality of 100 per cent of the Boisduval scale, Diaspis 
boisduvalii Sign., and of 52 per cent of the chaff scale, Parlaioria protcus 
(Curtis). It is of interest to note here that in some cases the orchids 
were in flower and passed through the fumigation without injury. 

A satisfactory control was obtained with the greenhouse white fiy, 
Trialeurodes mporariomm (Westw.), on snapdragons, marguerites 
marigolds, sweet peas, salvias, fuschias, and primulas, at the >4 ounce 
dosage. 

Conclusions: Fumigation with calcium cyanide in granular fomi, used 
in a low concentration, as % ounce per 1,000 cubic feet of air space 
(approximately equal to 3 s ounce of sodium cyanide) , with an exposure 
lasting over night, appears to be an effective and practical method of 
controlling aphids and the adults of white flies that are ordinarily en- 
countered on roses, chrysanthemums, carnations, and the other com- 
mercial crops mentioned in this article. Hardier plants, as palms and 
orchids, will apparently withstand without injury a much higher con- 
centration. 

It must be remembered, however, that if this dosage were increased 
and the same length of exposure employed, injury to the above n>en- 
tioned crops would very likely occur. The longer exposure seems more 
desirable when using calcium cyanide than when using sodium cyanide 
and generating the gas by the pot method. With the latter it is generally 
the practice to use higher concentrations and shorter exposures, usually 
not longer than one hour, because the gas is assimied to be given ofl 
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Within the le^v mintites after the S(Hh\nn evrtnule is a^hlt^l to the 
ackl anti water; while in the ease « ‘l e:il<'itim i yani<le the e\ (iluti(>n of the 
gas is a]^|)arent!\- scniu wliat slower sin-.'e it is tle()<*n<ienl on tht' action of 
tho atinnjryihtru; nioistnre 

From the tV^reiMMa^' results it woiil.l seem tliat ealeiuni c> anide may be 
more ycneralh- adopted jv florists for hiinigal inj; |mrpr»sos It is eiisier 
to use than sodnirn evanidi*. since it drK-s away wnth tla* tnnnbtnsome 
weighing and nieasunm: necessary m liinugation In' tlu* pot method 


DIKIsCd'IONS I'OK GRIsIsNIIOUSh: I- IJ M I G A T 1 ON 
PKMsPARA'riON OI‘ 'I'llh: llOUSh: 

I he Ihhisc' v)i,iuld in»i he w.iicrc i l<>i twcfiU l'»ui limiis 
prtacdiii;: die I uin i; 4 .i( I< m pi inline dixiie^'' nl die phinG, 
I)unnL' di( 1 II m 1 p.i ( I f >11 the lein [U - 1 a l u i e ''Imuld he Ixiweeii 
^ V' h .1 h 1 . .1 III 1 / M I a h I .. I I si n i ,i the i than 1 a d i ipp I li i w d I 
prc\i‘ii( un<ie''i rahle i « indent. 1 1 1 < m «>l n n »i ''t ii i c on the leave''. 
I he he^l wMid.li'in^ are olitaiiied l)\ ma inia iiiiiiit the hnii 'C 
at not ('•'• liiidi a telli pei a t II i e <iiinnp the davliille pieiediii;» 
tlu* t uin ! eat I' Ml. I umiy’at mmiv '.hould he tallied i»ul diiiiip' 
a eahn. "i neailv lahn nipht. ''line hipji \\lll(i^ imiea''e the 
le.ik.i'^c 111 (he ;ei^ li'Mii the h<iii-e aihl ma\ ie''Ult in a po n 
kill. 1 he walk^ nee<l not he al)^<dnt( 1\ di\ hilt ''linuhi have 
no stand in;; water. 

In lMi'..^land. the ()lanl'« in indivniiial p'ds aie usiiaHv 

wateic'd vvidi ram water h\ niean> oj a spiudslinit pot. I n 
der ''in h i < nd i ( n mi*' the hem he^, walks and other poilmns ul 
the home are drv. [Modmin;; a mm h drier loiidition oj the 
atim i''}diere than ohtaim m the i;icen houses of the I tilted 
State" vvhuh are wet down with a h<o<-. In the "imimer, 

W’heti the ventilator" of the"e L;la ""home- are open. die\ he 
eonie "o di\ ami tiie relative Imnmlitv i" s,, li,\\ that th<* 

C'yanooa" C .dMum ( vannle doc" not readdv dei > )m pose, 
I ndei du"e londitiom. the <lireilinn- (omernmp; the water 
ing ut the }i'nj"e "houhi he tnodified. It is rei onmietnled 

that the walk" he wet down one or (wo hour" hefore lunula 
tion ami die v i titilal'»i s ( jo-ed m older to rane the relativ e 
huiiiiditv within the house hut caie sli^uld he taken not to 
have drop" of waiter on the plants. 
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THE FUMIGATION 

Fuiiiigation is started at dark by simply scattering the 
Cyanogas ‘‘(j” Grade evenly on the walks, after which 
the house is closed for the night, Fig. 2-2. The material 
is scattered evenly from end to end of the house on several 
of the walks. It is unnecessary to treat every walk. If it is 
inconvenient to weigh out the Gyanogas it may be measured 
with sufficient accuracy on the basis of one-half ounce for the 
average level tablespoonful. Bv the following morning the 
gas will have practically disappeared, hence it is not neccs 
sary to open the ventilators and air out the house. 


DOSAGE 

All fumigations, except where tender plants are present, 
sliould be started by using one-quarter ounce of Gyanogas 
Galcium Gyanide for each I, ()()() cubic feet of space, the 
c(jrrect dosage for a tight house. Should the one-(]uarter 
(junce dose fail to give the desired kill, because of a leaky 
house, the fumigation should be repeated in about one week, 
using one-third ounce per I, ()()() cubic feet. In this manner, 
the cajrrect dosage for each individual bouse will be 
determined without danger to the plants. A fumigation 
with (jne-(]uarter ounce of C'yanogas per 1,()()() cubic feet, 
conducted as herein directed, is safe to normal greenhouse 
crops, such as roses, chrysanthemums, carnations, orchids, 
ferns, tomat(JCS and cucumbers. 

In the work of the past year a large number of green 
houses have been successfully fumigated in the United States 
and a number of glasshouses have been fumigated in Fngland. 
'Fhese fumigations cover a very wide range if not all of the 
commonly grown greenhouse plants and indicate that the one- 
fourth ounce dosage, if used as per above directions, is safe for 
practically all plants. The most tender plants appear to be 
Sweet Peas, Snapdragons, Asparcujns plumosiis, and /Ispar- 
cKjus spritujeri. Jasminum, Artillery plant, Marguerite, 
Wandering Jew, and lettuce also seem to be tender plants. 
Should there be large numbers of these plants in the house, 
greatest care should be exercised to insure the favorable con- 
ditions given above. It is better in such cases to start with a 
lower dose such as one-eighth ounce per I, ()()() cubic feet. 
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the distance from the wall of the house to the highest 
point, obtaining the area of this side ( 1 5.^ sq. ft.) . The 
height at the highest point (12 ft.) is then added to 
the height of the wall on the side '‘B” (8 ft.) and the 
sum divided by two to obtain the average height (10 ft.) 
of the side ^\V\ Multiply the average height (10 ft.) by 
the width of the side ‘‘B'" (6 ft.), from the wall to the highest 
point, obtaining the area of the side '‘B” (60 ft.). The area 
of the side “A’’ ( 153 S(]. ft.) is added to the area of the side 
‘‘B’’ (60 S(]. ft.) to obtain the total area (213 sq. ft.) of the 
end of the house, ddiis area is multiplied by the length 
(200 ft.) to obtain the capacitv of the house (42,600 cubic 
feet). hOr practical purposes one may ignore the 600 cu. ft., 
making the amount of Cyanogas recpjired for this house 
42 one-(]uarter ounces or 10)/’ ounces. 

Some growers may feel that the calculation of the 
capacity of the house is too bothersome. Such growers may 
determine the number of sijuare feet under glass by multi- 
plying the length by the width of the house. Assuming the 
a\'erage height of the house as six feet, the dosage would be 
l)j ounces of Cyanogas for each 1,000 S(]uarc feet under 
glass. If the house is higher than six feet tliis dosage will 
be under the normal dosage and may not give a perfect kill. 
'The house should then be refumigated, increasing the dosage 
)/j ounce per 1,000 S(]uare feet until the correct amount for 
the house has been determined. 


ADVANTAGES OF CYANOGAS AS A GREENHOUSE 
FUMIGANT 

1. Cyanogas Calcium Cyanide makes it possible to 
maintain a low concentration of gas for a long period of 
time, thereby afifording a greater margin of safety to the 
plants. 

2. It is unnecessary to air out the house, hence the plants 
are not chilled. 

3. Cyanogas fumigations kill the insects on the lower 
parts of the plants just as well as on the upper portions. 

4. The method is easy to use and has already met wiil^ 
wide adoption by practical growers. 

5. Safer to use. 
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SUMMARY 


A survey of greenhouses in Pennsylvania shows 
nearly all suffer severe losses from insects. Plant 
lice were present in most of the houses visited 
and twenty-two other pests were reported preseni 
in harmful numbers in some houses. 

Calcium cyanide (a new material) offers cheap 
and effective fumigation for greenhouses. 

For success with calcium cyanide fumigation 
the following steps must be observed. 

1. Calculate accurately the cubic space of your 
greenhouse. (See page 5.) 

2. lie sure your house is free from plants 
which are especially susceptible to injury from 
fumes of cyanide. (See page 4.) 

3. Accurately weigh out the amount of ma- 
terial needed. Start with one-eighth ounce to 
1000 cubic feet. If your house is fairly tight this 
dosage will be sufficient. 

4. Always start the fumigation about one hour 
after sundown— never before. Choose a still 
night. 

5. Do not water the greenhouse for at least 
twenty-four hours before fumigation. 

6. The temperature should be between 55 and 
70 degrees Fahr., and it should be a rising tem- 
perature. 
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grams and making the dilutions and mixtures in the orchard, sav- 
ing iirboth money and time, and with the added security of ha\ - 
ing applied the right mixture at the light time. 

BASIC MATERIALS IjSED IN FUMIGATION 

Tvro basic materials are used in greenhouse fumigation: nicotitu 
fvoiii tobacco, and hydrocyanic acid gas. 

The nicotine from tobacco is used either from the tobacco plant 
itself in the form of a smudge made from the (mtire plant or sonf 
part of the tobacco plant; or a nicotine extract from the tobatci; 
plant. In any case the nicotine is th(' killing agent, killing tlic 
insect through the breathing m'gans. Probably tlie cheapest fonn 
of iiicotine to be used as a smudge is the entire or parts of Hi - 
tobiicco plant, though so-called “free’’ nicotine is suecesstully iiscM 
as a smudge. The extract is usually found on the marlah in 11' ' 
tcn'Ui of nicotine sulfate which contains torty per cent nicotis ", 
::r ‘‘fix-e’’ nicrhJne. h'iie nicotine sullahe may be used tor 
spiviys calling tor nicotine and the “tree*’ nicotine where a N'claii-c 
ihcoline is needed. 

Hydrocyanic acid has been used foi' some time in greenhoir^e 
iuniigation. This acid is a gas under orcliiia.ry conditions. It nniy 
he generated by placing either sodium or potassium cyanide in a 
solution of sulfuric acid. This method of securing hydrocyanic 
acid liberates a large volume of the gas in a comparatively short 
time and in greenhouse fumigation this heavy concentration at 
times caused considerable damage to the plants in the house. 

Recently a material known as calcium cyanide has appeared on 
the market. This form of cyanide slowly undergoes a change in 
the presence of air liberating hydrocyanic acid gas and leaving a 
residue consisting mostly of air-slacked lime. 

CALCIUM CYANIDE IN GREENHOUSE FUMIGATION 

The use of this material as the source of hydrocyanic acid in 
greenhouse fumigation for the control of greenhouse insect pests 
has been developed by the Bureau of Entomology, United States 
Department of Agriculture in cooperation with the Bureau oi 
Plant Industry, Pennsylvania Department of Agriculture. 

In experimental work carried on in greenhouses in the vicinil} 
of Philadelphia satisfactory control of aphids and white-fly and 
promising indications of control of other pests were obtained. 
This Bureau has sent out letters of inquiry to several greenhouse 
owners and managers to gather what their experience has been 
with the use of calcium cyanide. The replies indicate that with 
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SIX POINTS WHICH MUST HE OBSERVED 

1. Calculate accurately the cubic space in your green- 
house (See page 6) 

2. Be sure your house is free from plants which are 
especially susceptible to injury from fumes of cyanide (See 
page 5) 

3. Accurately weigh out the amount of material needed. 
Start with one-eighth (Vn) ounce to 1000 cubic feet. If your 
house is fairly tight this dosage will be quite enough. (Sec 
page 7) 

4. Always start the fumigation about one hour after 
sundown — never before. Choose a still night. 

5. Do not water the greenhouse for at least twenty-four 
hours before fumigation. 

6. The temperature should be between 55 and 70 degrees 
Fahr., and it should be a rising rather than a falling tem- 
perature. Falling temperatures produce moistiu’e which 
collects on the plants and makes them moi’e susceptible to 
injury. 


SIX ESSENTIALS IN CYANIDE FUMIGATION 

Calculation of Cubical Air Space in the Greenhouse. To calcul- 
ate the number of cubic feet in a greenhouse the width is multi- 
plied by the length and this by the average height. To get the 
average height add the lowest height and the highest height to- 
gether and divide by two. To illustrate: If a house is six feet high 
at the lowest part when viewed from the end, and ten feet high 



Fig. 1. Plan for getting average height of a greenhouse with sides of 

the same height 






i 

at tilt* }iii;]i(‘st point will'll so vii'Wi’tl. tlu* a\i*ra).ri' lioi^iit woulil l-o 
eight it'oi. tSoo Fig. 1 ) 

Houson w hit n havo mnwon li<*igiit< on oithor siilo of tho roiitn- 
may ht* 1 alrulalo.i hy jiihling tho a\orago Innght tor oacli sido .ind 
considoring oaol; sidi' as sfparato honsos t.»r ooii\ oiiioin o oi t* th 
culation-. (Sco i' ig. lM 



I'l.ii! loi' {’rlfint* njlii' .il o| a f r<‘«‘ii)i(nj, !■ wllli mIM' ^ ul 

uiHN'ii h'-h’lii 

Preparing the Dose. Do not guess as to (ho roipiirod ainouni ot 
material noodod, make carotid weighings whcrovoi* possible. After 
tlie reipiirod amount is weighed out. dividi* into several lots. '!’<) 
apply, simpl.v' scatter the material on the walks of the grc'cn 
house, (S<’<‘ cover iiage). 'I'he material should he evenly distri- 
buted over the length of the walks of thi* house iu oi'dej* to get 
an even dist rii^iit ion of the gas. Only the renter walk n(*ed he 
u.sed in liouscs of lO f(‘<‘t or less in width. I ’so two or more walks 
in wider lionses. 

Amount to I’se: As stated hehu-e h(*gin hy using one-eiglilli 
(Vi\) ouiici* to each 1000 cubic feet for the first fumigation. If 
this gives a kill, future fumigations should he with \'h ounei* 
to each lotto ciduc feet. If the kill is not complete, iiicii'ase tin* 
amount to one fourth (Vi) ounce* to each 1000 cuhic feet. Tluf 
tightness of tlie greerihonsi* is the reason for failure or success 
with the one-eighth ounce charge. 

Time and Duration of Expo.sure. It has long hoen known that 
fumigation with hydrocyanic acid in gree'nhouses in daylight is 
accompanied hy }i(*avy lo.ss to thi^ plants so ireateii. Since tin; 
killing agent in calcium cyanide* is hyelroeyanic acid the usual 
night-time fumigation shemld l)e* follow(*el. The charge sheiulel he* 
placed soon after sundown anel the house kept closenl until the; 
following morning. A still night should be chosen since less gas 
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will be lost from the greenhouse due to wind and circulation of 
the air. 

After the cyanide has been placed on the walks leave at once and 
close the doors. 

After a few hours the concentration of the gas is slight, and 
some growers enter the house once or twice during the night to 
obser\’c the thermometers to guard against a fall of temperature. 
Airing is not necessary the following morning because of the 
weakness of the concentration, and most of the gas will have been 
dissipated. 

Temperature and Moisture. The presence (*f moisture on plants 
increases the likelihood of injury to them wlien fumigated with 
hydrocyanic acid. There is always enough moisture present in a 
greenhouse to bring alunit the lihination of the gas from the 
calcium cyanide, hence tliere is no nv.cd to add more* on this ac- 
count. The temperature should l)e l)etween 55 and 70 degrees 
Fahr., and should be maintained at an even temperatin*e since 
falling temperatures produce moistiu’e, thus pi'oducing a condition 
favorable for injury. 
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l‘ .f 

I’rrpoMh‘'H o' k- ' I n'l" i <■ I>>r fuiiiu’ itiKii 
Tso »»f niri un ' • • - i:. i i'>ir. i.f i t no*. 

How to il< !< t : I :i' i lll-l- kl . olil. ii' I 
HrwnhiiU'. 

OlMnllly «'( , il^ t;,i I. I.. U .• 

How to ' .1' • 

Wh<*n uri'l li'iH -f. ;i !u . 


I I .< ;U’I ll ••{ I \ [I..- Uf r 
i \ < til ll ll l.'ll .(!. I liiinoMi K-ll 
Hot luilllt.' ll :ol, 

.,f \s. ,ili.i .1, ! nih.r <ori.tilioii 
». I fiiiiiu; *1 loll 
H , t’f <><viul loll- 

H , < I IJI' J*' lo I . Ii!|. ,ir I fii 1114 ' ll ml) 


Duriii;^ tin* few vrur'' (Ik* rninpninHj kfiown as 

calcium cNaUhlr has lit I ra<’lr<) cotisiihTahli* all i-nt loij I inril l•Illn|llnl 

Ogists f MM':i ll'-f nf Its ifisrrt H tda 1 (il oprr l i<*s. Nlnfc 

recently It ha- a-suiiiril a ijfiHjiH* |)la«a‘ in ^HTiih<'Usr insect, wnifaK* 
as a c(ni\'enient source of hyilrncyanic--jici<j ;^as for f nniiyntt in^i; (Mir* 
poses. 1 1 I- nn\s a\atlnhle on the market in the jorni of (just anij 
COarsr* ami line ^nannies. 'The-e .vorin well aila(>lci| ft »r /..^O'een house 
use; the du-! is more linely ^^rouml and (Olives off the ;.';a^ moia* rn(>jdly 
than doe> the LOanular form. 

Ulilikt* fnniiL^at ion with (i<ilas-ium or sodium I’vaniije hy (he ‘‘ |)ot 
method, the Use <»f calcium cyaiiitle doe> not reijuire jars or (he 
addition of >nl|)huric acid ami water to (generate the ^ms. On fvx- 
posure t<» the air, calcium <yanit|e -lowly rea< Is with the moist nn; of 
the atmosj>liere and ^ives oil hydro<yanic-acn| ;^nas. With (In) 
q^uanlity comnmnly used tins rea< tion (•onlinne»i for srverai hours. 
Gas ^em i-alcil hy the |>ot method m jtivefi oil almost instantly and 
reaches it- maxirfium concentration within a very h*w minutes, and 
the fumigation normally re<juiies only one hour’s e.xnosuns ('al- 
cium cyanide, on tlie other hand, hecau-e of its (..oadual hherati«ui of 
the gas, ^nves a lower coneeiif rat i(»n, rerjiiiring exjiosures lasting 
from three hours to over night. 

Hydr<»cyanie-aeifl gas, whether ()rodue<*<l from ealeinm, sodium, or 
potsssinm cyani(le, is a cheap ami ene< tive. inseetieidf^ useful for 
controlling a()hid.s, thrips, white Hies, and ‘dher insects f>ccijrnng on 
plants grow II under glass. It shf)uld hf‘ rememhenal, however, that 

802l‘.c ~ 1 
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this gas is very poisonous and that unloss it is handled with proper 
caution its use may cause disastrous results to the plants and the 
operator. Hydrocyanic-acid gas is colorless and has the odor of 
peach [)its. 

PREPARATION OF GREENHOUSE FOR FUMIGATION 

B(‘fore attempting to fumigate, it is essential that the greenhouse 
h(‘ inad(' as nearly gas tiglit as possible by replacing broken glass and 
closing tightly all ventilators, doors, or othc'r op('nings that are not 
to b(^ used durijig tlu^ exposure. At times it may be necessary to 
fumigate, on hot nights in the summer months, or to employ a dosaye 
lu'avier than usual, as in the control of scale ins('cts on orcliids, 
palms, rubber plants, aspidistra, and other plants which can tolerate 
a higher concenti'at ion of gas; in eitlua* case it may not be desirable 
to rmi the exposure throiigliout the night. 



PO(i. 1.— Arraugenicnl for opouiiig roof aud sido vciitilulors from outside tlii' end of the greenhouse 


Because of the high concentration used under these conditions, it 
is safer not to enter the greenhouse until it has been ventilated. To 
avoid possible dangt^r, a greenhouse can be aired at the end of tlie 
fumigation by having the side and roof ventilators arranged so tliat 
they can be operated from the outside. There are various ways in 
which this can be accomplished. A method recently devised by the 
writer and used successfully in the greenhouses of the United 
States Botanic (larden is to disconnect the gears by which tlie 
ventilators are operated from within and attach extensions to 
the main shafts of the roof and side ventilators, so that they 
project through the end of the greenhouse. The control wluel 
lor each side ventilator is then attached to its extension. bi 
case of the roof ventilator a spare control may be installed on 
the outside of the greenhouse, at the end, as shown in Figure' I- 
For greenhouses several hundred feet long alternate sections of 
the ventilators may be disconnected and operated from the sides 
of the house by removing the local contrm and attaching to thy 
gear a piece of gas piping or half-inch round iron shafting. This 
shafting should extemi through the side of the house and have the 
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control wluM-l at to it- fna' imi.I Uiuv In a iiiclliinl «l«'vi><al 
by Sa s>r»‘r and Mortlt'ii an arm (fi or h. li^ .'O is atta^loal to tlio 
central \ am ilator -haft. aft. a im: flu* oj).*ralin^" }'<'ar of 

the roof \ ('iitilator" 'I'ln^ aim <‘an lu* <‘onl loll.*.! by a roul or wiia* 
which r\t.‘iiiU tlironi_di tlu* '-ul.* of iho ^ri*i*n!t.Mi<o Ui;^. 1.) If only 




one ventilator can be (.priird. it h prcfoiabb* ibul if lu* (be one oil 
the roof of the ^ri'eiiliou'-e '1 bi'i metlinil ma\' be modified by ex- 
tending tlic main shaft t lirou;di on.* .•ml of t lu* orr. nboiise, as |>re\ loii'-ly 
CXplaine.l , and atta.bin;,^ foil- fi. e end an ellaos connect ion. inakin*^^ 
with it a ri;:lif atij^le ami boaiinp a pipe extension suvoral feet b*n;.y 
After disconnect in^ ibeconlH.N tin* \ entilator*' can lx* operated fi.iiii 
the out'-ld.* b\' raisin;^ the pipo exl.-n-ion eii..n;.di to lift the ventila- 



tors a few inefn*-, A [Iieei* r.f \v#»od. n ‘-tnddin;r |»la.'. d on end lna\ 
be ll5e<i ♦'* -npjiort (be pipe e\t. Ii-jon w bib- t };<* V < nt llatoi - ai i* raoc.) 

The ^.'■(•ar*' on (be v. ntil.it .»f ~ iumv bi* di-connertcl *o lliat tin* 

sashes in a \ be ('{lene.l bv mere|\ liftin;; them from ( be onl-nb*, arid 
propped with any convenient snppr.rt until (h.* v.jitilation js 
complete. 
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USE OF CURTAINS TO SEPARATE PORTIONS OF A RANGE 

111 the opoii-r«‘iiiiiio tvp(' of jjjrcon houses whore niiscelliineous erons 
are '’■rown, it is not always neeessary or (l('siraV)le to tuiiipj^ate the 


^ ,,y?' ■; <> .. - :>->■■' .■ ", , ■■ 'W-.., 


Fio 1 .— Inierioi ol greenhouse Arranponicnt ol vcntilutoi arm and allaclietl cord to enable 
operation from the outside 

whole series of houses at one tune or with the same dosage. 
example, when a particular insect is localized on one crop it may 'jO 
unnecessary to fumigate the whole range, or it may be undesiral) e 
to do so when plants growing in the adjoining sections are likely to 
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b6 injurrJ |ty tlu* In >ur)i c.i--**- ’lie hou'** oi’ (o 

bo 1 1 < i liiav }»•• •'«‘[>ara 1 » <1 tin* mIIhi^ I»\ flu* !]•-«* of <'anvns 

or imisliii riiHain- 'I ina\ 1».‘ cni ill ;.n-fMoi Iciurilis (<> 

ponnil ♦‘a-'it r liar'aMiiiLT- 'I li<’ w all li '-luaiid lu* -aa !i tlia! I la- curt aihs 
when liUiiL' uil! mala- a pailitaMi (loiii lla* loot to l!u- rUoUiid, 'I'lie 
same ohjri I ina\ !>•• at ( .iiiiotl lo < « a i - 1 1 la 1 in;: a I « in ( x u a i \ partition 
of sasil. Ir^Iiiiy^ (.11 ihi- ;:ioniaj and liaiKd t.. lla- <a\<'' plate. »»r by 
usin^ niled or t;, ril'd pa|'i | la tna'd to npmdit WoodiU >Uppol‘ts. 
When ♦ ‘itla r of tia - 1 ' (li-x a I - i- «i);pl<'\.(i in iinld wralla-r tlic \(Mi- 
tilalors in llo* .ad loinin;." poila.n nia\ be left ope',, or lai-cd VO far 
that any ::av ( (inun:: lioin lla |iiini': iled lioiiv( ^ will -o(>i) c'-eape. 
In <‘Xtreinel\ e(,|,| wr.illaT, of e..i,iv., . till, ( all Hot be doiie. la'caUsC 
he plant- i n i ad 1 1 !>< ■ i i n I! ed n' I : . \ ; i ! a l m - w ei i ■ 1 el ! • • j ten 
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i.j’: a' a '!• ‘ ' a" 1 i 1> -x. ■ e. ■ 

HOW TO DKTKKMINi: THi: ( LHICAL < ONTb.NTS OF A GRKKNHOII.SK 

In estiniatin;^ tin- (iiidf-al cont<*nt'v of a ;:reenfiouse, it, is not 
nC(*(*SSa l'\' to deduct flu* spaer* oeeijpletj by tbe lienclies and pots 
To <leierniine tile ( ubieal content- of a ;:reerd;ouse of iccfanj'ular 
ground plan, a- nearly ail yueerdiouses are. /:/-t tind tlie area of tb(‘ 
end of tile latijve and multiply it by tlie |en</tb. If all the dimensions 
USC<1 are e.\prev-ed ill feet, ibe re.-ulf Will be (be vobllMe in cubic feet. 
Upon the sti.ifje of the end of fbo i:reen boll vf. (Icjiends the inefbod of 
computiny^ its area. Almovi without exeepfirui the I'mi of a green- 
house lias a liori/ofital ba-e and \ erfi< aJ sides, d lie beiydi'. of f*acli 
side and tin* beiyfit <»f tin* ridye abo\e the tioor are di/nensionH which 
must be known. In additj<rn. jf the sidi'S are of the same hejelit, 
that is, if tl ■ e ei'ei Iilioiise i> (tf the '‘even-spaii ” type, the W'idtli of tlie 
house should be multiplied by the u\cra;:e heiy'ht. or lialf the sum of 
the height of one sale and the height of the ridge. If the sides are 
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iino(]ual, it will ho nooossary to liiid tho horizontal distance from the 
foot of oacli side to tlio foot of a V(Ttical lino tlirongli tln^ ridge, 
dividing the end into two parts. The area of (aicli part can ho found 
hy muiti])lying its width hy its average hoiglit, or lialf tlie sum of 
its two vortical sides, one of tho two being always tho height of th(‘ 
ridge. 

For (c\ampl(\ in tlu' cas(‘ of an oven-span groonhoiise 20 foot wide, 
5 foot, liigh at tlio taivos, 10 foot high at tho ridge and 100 feet long 

(fig. 0), wo liavo for tho area of the end 20 -150 square 

fet't; and for tlu' cuhical conttails, 150x 100— 15,t)0t) cuhic fotd. 

To detormim* the' cuhical cont('nts of a gn^onlioiise having unetjual 
sid('S, a thro('-(tuainor span grtaadiouso 21 feed wide, 100 foot long, 
and 12 fo<*t liigh (dig. 7) will servo as a good (‘xaj]i))lo. Iforo the 
end of tho hous(^ is divithal into two areas, oiu' (a) having a haso 0 
io(‘t long and sides 12 h'ot and S fot't Idgh, and the other (b) a base 




I'l'i. (). il!i' mctlKKl of (-oi i- 

[/.itiiiK i-iihiiHl content -'I ,.:i i^rce;i- 

liou;s« 


h'lo, 7- - 1 )i:mriiTTi illiistra) iri^ method of eo::.- 
ptiTinu’ ciitucHl (uiiteiit.s of three-ijuartcr, or 
otlier uneseii, m'oeiihouse 


IS foot long and snh's 
wo hav(‘ 


and for tho second, 


12 fotd and 5 lV('t high. For tho lirst area 
* X t) ■ (>0 s(juare feet, 

X IN'- FVi S(juare feet. 


For th(‘ two areas W(‘ have a total oT 215 scpiaro foot. Multiplying 
2Td by lot), tho length of th(‘ gr(‘onhous(‘ w(‘ lind that it contain.s 
21,300 cuhic had. 


QUANTITY OF CALCIUM CYANIDK TO USE 

In oyanith' fumigation it is coin taiiont to state the dosage or rate 
in terms of ounces of calcium cyanidt' for oatdi l,00t) cuhi(‘ feet of air 
s[)aco in tho house. At tho (juartt'r-ounco rat(' th(‘ (‘von-s{)an grctai- 
house (Fig. I)) having a capacity of 15,000 cuhic f(‘(*t would ro(|uirc 
15 quarter ounces or 3% ounces of calcium cyanide, ddio three- 
quartor-sj)an liouse (tig. 7) with a capacity of 21, .300 cuhic feet would 
rocpiire 21 quarter ounces or otq ounces of calcium cyanide, d la* 
correct dosage for a particular ])urposo (hmonds on the tightness of 
the house, the kind of insect to he controlled, and the susceptibility 
of the plants to injury. 

In a relatively air-tight liouse an overnight fumigation at di^ 
quarter-ounce rate is effective in controlling adult wliite flies and 
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the varioiiv '«p(M ir'^ of aphjils I'al)!*’ 1 \\lii( ii atlaclx i< ‘'T'. carna- 
tions, rlir\ ->aii I aihi siinilai ll<*ral (iMp-. wiili liiilcnj’ ito 

injury l‘> ti ic jilallt". fins (l(»'>at;i‘ pfoc incll rr 1 | \ i\ ln*<aU‘'C 

the h<>US(‘ 1 - i.Mi l(*ak\ lo rciam a >uilii ichi «mii. <-n 1 1 a I a-n (.(' flu‘ 
gas tlu‘ ial<' ( an 1>C Lri adnallx iiicrcav,*,! in .aa .lin;^ j iliiiiiM 1 1 * -iis (n 
one-third nUiH c or clic-iiaH nuiMC. <M' linlll a di«^a;:c ralt‘ l-v loiind 
which w 111 « oil! 1..1 I hr 11 !-■«“« I w idinut itj |nrini: (hr plaiil-^ In im ni^e 
is fuini^afiMii at ra!^“^ in »‘\crvs of ! nniHc rc< omnu nded nnlc'-N the 
ilorist lirsi till- It Milt «'n a Ninall m ah* utnh r lit'' jiai t icnlar < i 'udil mns 

TaBI.K 1 /’< Ktlinu },;/ lh( . nj 

< - J. I i tjm I, tdii >• ii! I /.< , !,<l , I nil ,l 



c ireeiiht.»r.<' a 
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' Voiir;;' ' N.Jiilf 

Table 1‘ gives (lie d(/>nge rates of ealcimn eynnide that }ni\c been 
found, in recent cxpennaiits, lo kill some of (lie insect fX'sts fre- 
quently eneoiintencl in giecuihoiisc^s. J>efc»n‘ fumigation is undc*r- 
taken, however, dahle .i slicMjId Im* eonsultc-d to asecutam (he rate or 

c Tbc data a n Un i M»» ;< nl n-’.ijlt'' >4 * r m.* la.l 1<-'C» »jr<l«r tin- (un'JitW/HH 

StAted, and aro not ira« iJ'l»‘J -.n <uhii,u- r>M>ii,rfi«-fid»liori*' in- in df/ ftj,i] m li-rijrlh of i-titO' 

•ura mre intend^''! to .sijK*'‘St tr< prof-a r of «-on«iitioris urnUt whuli .1 viv‘ n fon.aoiiion mitrla l o 

cxpfctcd to tw 'hiv 01 ilhft'.M- tor I mifiiAf. tn »»;•• Mjd.rriM tin- dufijl if^o of it furoiKidiori rimy t>« 
nMlIeUKl to from S to 10 liour^, v» b<-r< ;■ iti the wiuter utooUt* a l i t ftuui l<j to ij h'liin 
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dosage that particular plants can tolerate with little or no injury. 
If this dosage is less than that indicated in Table 1, of course^ com- 
plete control can not be expected with one fumigation, as the 
adults, wliich are more resistant, will sui vive and continue to produce 
young. It will therefore be necessary to repeat the fumigation at 
frequent intervals until the infestation is eradicated. 

HOW TO APPLY CALCIUM CYANIDE 

After determining how much calcium cyanide is necessary, weigh 
out the required fjuantitv and plac(‘ it in a widc'-mouthcd bottle or other 
container. Then scatter evenly on the surface of the center walk or patli 
(fig. 8) , beginning at tliefar end and, walking backward, working toward 
the door. A convenient container for scattering calcium cyanide 
may be made from a baking-powder can by puncturing holes in the 
cover from the inside, using a lO-piamy nail. A wide-moutlied 
glass jar with a perforated metal to]) can be usc'd instead, and the 
glass jar enables the operator to watch the rate of distribution. 
Do not place the cyanide in tlu' can or jar until ready to fumigate. 
Because calcium cyanid(‘ gives off gas when exposed to the air, the 
contaiiK'r in which it is stored sliould be kept tightly closed, and the 
(plant ity set apart for a given fumigation should be kept in a stopjiered 
bottle or otlu'r secure container until about to be us(‘d. When spread- 
ing the material, be candid tliat noru* of it comes in contact with the 
plants, lo)** larger gr(‘(‘nhous('s divich' t he niat(‘i irl (ajually and scattia* 
on two or more walks, depi'iiding on tii(' width ol the liouse. in 
su(di cases it is safer lor one not to lumigate alone, but to have an 
ojK'rator for each jiath in which llie calcium cyanide is to be applied. 

Ualciiim cyanide must not be })laced in piles, as is customary in 
fumigation with nicotine or tobacco, ])ecause tiu' atmospheric mois- 
ture could not readily reach the inner portion of the pile, and prob- 
ai)ly not ail the gas would be given off. Moreover, the gas evolv('d 
would not be evenly dilfused throughout the greenhouse'. Willi a 
little practice the ofx'rator soon learns how to scatter the material 
evenly from ('iid to (‘iid of the greenhouse'. 

WHEN AND HOW OFTEN TO FUMIGATE 

Greenhouse fumigatie)n sheiuld be done only after dark and should 
not begin earlier than one he)ur after sunset. It shoulel be done on 
still nights, because high winds may reduce the concemtration by 
drawing the gas out of the greenhouse. Fumigation in the winter 
should preferably Ix' done in mild weather and not on extremely 
cold nights, when it might be diflicult to maintain proper tem})(*ra- 
tures. Hot, humid nights should also be avoided, because the t('m- 
peratures can not be lowered to the required limit. Temperatur('s 
ranging between 00° and 70° F. are mijst di'sirable. 

The frequency of fumigation depends on the kinds of insects to 
be controlled and the proportion killed with one exposure. If a trial 
fails to give satisfactory results, fumigation should be repeated. 
Wlien greenhouses containing an assortment of plants were fumigat('<l 
with sodium cyanide, small dosages were found necessary Fumiga- 
tion with such dosages killed only larvae of scale insects, the adidts 
and first larva stages of the greenhouse white fly, and most of the 
aphids. Moreover, the eggs and pupae of most greenhouse insects 
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offer (’onsi(l»‘r}ii)h' tt> li\ «ln>rvanu--n<'i»i i^as and ovt'rlappin^ 

of bmoils fn‘< jiirnt ly <»r(“nr<. Ftn- it'a'-oiw fuim^alnnis 

at intervals a Wi'ck nr 10 days aro nftrn inai's^aiy in rnnt inllin^ 
siicli insjMt'. willmm injury in tlin |>lant-> Dala irnin rv nminnuils 



ri'» H - MpflKxJ >j< <]i iril/utintr . .'iJcium cyrinKlf fiy frj<v«ris »>f a lioltlc with i>*Tfori»tc'J nt;> 


thus far cnndnrlfd with caUnirn rvannle show l}uira sahslartory con- 
trol of scale insc< tsinay he had hy several fumigations at short intervals. 
Sucrossive fumigations are very useful, even tlioujith no marked 
infestations exist, and are also a .safeguard against sudden outbreaks. 
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Box frmipition may be done at any time, except that tlie plants 
must be sliadod for at least a sliort time before and for a lon^au* period 
after treatiiuait . Immediate exposure to li^dit, and particularly lo 
brif^ht sunlight, is very injurious to plants, especially palms and ferns, 
that liave heen fumigated in a l)ox. 

LENGTH OF EXPOSURE 

Mention was made on pag(' 1 of the gradual liberation of gas from 
calcium cyanide, which malU‘s it W(‘ll suited for long or ov('rnight 
exposure's. Kecent experiments in a tight fumigation box with four 
species of aphids have confirmed this conclusion, as shown by tlu' 
results presented in Table 2. It is evident that in all case's, e'veii at 
the lowest ele)sage rate's, exposures lasting overnight gave virtually 
complete control of the aphids. The relatively le)w e‘ontre)l resulting 
from an exposure of one hour to varie)us elosage rate's u[) to three'- 
fe)urths of an ounce of calcium cyaniele' inelie*ate's that e)ne he)iir is too 
short a time te) permit an effective concentration e)f the gas. In otlu'i* 
experime'Tits,- ne)t. presented in this artichg very iincly gre)unel cal- 
cium cyaniele gave a mortality of 82.7 y)er cent of the green chrysan- 
themum aphiel {Rhopalos 'tph u ni rufomacnidta) with an (‘xpe)sur(' of 
only one he)ur. In these experiments it be'e-ame' ('viele-nt that e*aleduin 
cyanide dust gives off the gas more' rapidly than the granule's, and 
that certain species of aphiels are' n)e)r(' suse'e'jit ihh' to the gas than 
others. Beginning witli a minimum elosage of esne'-half e)Uiie‘(‘ and 
expe)sure's lasting three hours or longer, a satisfactory ce)ntre)l vas 
obtained. Sue'h results e'an, of ceuirse', be' obtained only in cases 
where the greenhouses anel fumigation hoxe's are tiglit ene)Ugh to 
retain an effective concentration of the gas el u ring the fumigatie)n. 


Table 2. — Diiji'cc of conirol of four .species of aphids tehieh resulled from box fmni- 
(jaiion with ealeium cyanide, with raryiiiy dosagis and exposures 


i 

Dosage per 1,000 cubic feet j 

i 

I'xposiirc 

Temper- 

ature 

Uuruid- 

ily 

Niustur- 
tinrn 
aphid ‘ 

Mortality of - 

Mlack 

Ro.sf clirysaii- 

uphid’ theiniiin 
aphid » 

Gret'U 

t'hr.v.siti- 

ihcniiim 

aphi'l ' 

Ou ncis 

1 Joins 

^F. 

/*( r rent 

/Vr ernt 

PfT Ct lit 

' J*fT Ct lit 

J‘ir Cl nt 

A---- - 

It; 

GO 

,V.i 

W. G 

00 

1 KXl 

IIKI 

Vh - - 

1.^ 

72 

•10 

00. G 

100 

100 

J(H) 


( J 

GO 

78 

5 

15 .3 

i 10.8 

Ih 

H - ^ 


m 

GG 

0 

20. 7 

' 5G. 2 

7n, 2 


1 la 

G7 

68 

08. 5 

01. 0 

: 100 

lot) 

H 

1.'. 

71 

52 

100 

100 

, KK) 

KK) 


f I 

C.O 

G7 

21. .3 

13. 5 

10. 1 

ir.M 

yi 

1 3 

(iO 

81 

52. 1 

41. 4 

70 

,s,‘) 


G2 

G4 

7.3. G 

80 

1 01. 5 

.s,;. 3 


1 16 


GO 

100 

100 

! 100 

KH) 

H i 

( 1 

G« 

58 

52. 4 

GO. 2 

! 71. 7 

77. 7 

1 15 

7K 

« 

100 

100 

1 100 

1 

](KJ 


I Aphin rumicis \j. ’ \facrosiphon\flla xanborni ejill. 

> Alyzaphis sp. ■* lihopalosiphum rufomaculata ^Vils, 


The foregoing information is very important and useful when ap- 
plied to the fumigation of crops where there is doubt as to the aelvisa- 
oility of subjecting plants to a long expe>surc on hot nights, or where 
heavier dosages are empleiyed, as in the case of orchids. Under such 
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('.al( mm f/> u ! u mitfuut /<</• (t i riiilhnisr l*l(in!s | | 

(.•Ofulilloh'- I);. \ ell! l!.i! . ' l’i;i\ 1 >. {.n-ril cr I lie f 1 1 1 1 1 l;^'a t 1 « *! I Im*\ 

at I!m' i Iitj «'l llii. t ii.ait' ai.tl tlu- .•! ln.\ aircJ. 'Tin* 

(|uantity «•! lm- .-li l'\ ai;\ i \atii.|« wciiiM al I (‘f airiiif^ 

be ne^li^LTil'h'. 

VIM IIM ION \l Tl |{ M MMiA l loN 

In fmniL'ai II w 1 1 ! i ■ • i n.n i « \ a n ul« -!i. - i t c \ p* ii i i'n ^urli a^ i im' or 
t\v<» linin''' wnli a lit.-;;*/, laii'jiii ' l!<'ni hall mnua In 1 ninui' 

of tln‘ CVallKh li.'I' 1 ,niM( , I, I, I, I, . 1 . aj*|Mar«-(| (n Ix' iimii' sal h'larlni y 

than a low n- - ii ii n| n\ < i ni-lii, 'ria- -Imii r\ pn'ii i «*- luul 

tll<‘ addlt mita! ad \ a nl a;,;. nl |X'| mil I 111 '/ llm yi 1 ‘t’li hnii^r ]n ln'rnmc 

lli<u*nnyhl\ aind pirxmi)- in ili.' iinny nl ita' 'iin. Inaciil la'.is 

with fah liliii « \ aliidf at ni. !, h.u dn aL'''- a - nlic Imii I h nlima' jliadf III 

larye cnmiia i* lal iaai i ill W a' hiii/lnii. 1). and ill <'a''l«‘in Prim- 

sylvania. ha\» 'hnwn liial \ < 1 1 1 1 1 a la • li m tan'|\ iiarav^alN, axcrni ill 
IK'W and (‘\i rpi miialK aii-la/hi y n-ci i hm i n- - . vnaa' little if any ni iha 
^as rcinaiii' in lla- nnlmaiA l\pe nf laai-e alter n\.>i' niylil finniya’ 
tinli. In aii\ ( a'e. !a>\\e\ei. if the nd.'i nf ya'- I- ■'■Imii'y the yieeii 
IinllS(‘S sla 'll Id he tlininij-ddx aii4<l the Inllnwiiiy naniiiiiy, helnre the 
sunlij'ht St rd-a" I he plant - 


HOX I tMKiATloN 

Florisl'^ and III) I'ei \ iia-n \vd! hnd it \'i\ advantayenns in ha\a' a 
fuiniyatnui hnx |..i' ihn Inllnwm-^ piiipn ' 1 ■ III piehiniiiary lest^., 

(d d(d<‘i lima' lh< <jnanlil\ n| -.ni that plant eaii wilh'tand withmit 
injury in the n \ m ;d -fa*a -- nj -Amw i h . J ^ !<• rid indl\ idnal nr pnl I<'d 
plants nf lli'eel . when all in.lated lllleyatlnll I- d I -• 'n \ ( • led , aliil thus 
to avoid the lleipielilU imd <n-l|\ and lalinrinii" hand 'el ilhhiny nf 
th(‘ [)latil'; y when if n- nnia'i. - .ii\ In Innnyale an entire yreeii- 
hoiise. It' ll'e I alnm-t indl-pen-ahh' Ini sneh plant' a- nlehaK. 
palms, aspidi iia. and h in-'. and h;;-' an advaiitaye m that It may he 
used in (lie das time, wheiea . hnii'-c filllliyatlnn ean he pelfnlUK'd 
with safels alter dark nnl\ . Mnlenscr. Ill hn\ fllllliyal mil sneh 
faet(U*s a' i(al.a:n-, ht'ht. iiinntiiie. and I empeia l iir«'. whieh iidhieimf 
the sin-ei''.- <tf ihe treatment , sars |e- - than in yreeidinn <*•*. 

Plant'' In he Inmiyaied in a hn\ m the <jaytime 'hnnid r<‘iiiam in 
llie bfr\ With tiie (I'M.i malls eh. .d ••• as !•» pfc\<*nt dire< ( ra\s nf 
liglit fi ’niii n a( hiny them (m at lea-1 nm* Imni helnre the yas i'. yeii- 
erateti. Alter liie enmpietlnn n| the e\p<nnr«‘, plant' shnllld he 
shaded frmii hri'dit 'iinh‘/ht fni at jea^t fmir Imur'. I’nr shatliny. a 
closely enii-t I <i< te<l -lal hnm.- <.r jxitlmy shed i- suifahle. 

I ONS I KM I ins A I I MK. A I ION IlOX 

TIv napa.eitS nf the hn'. Will liatuudls depem) nil the d/.e nf the 
establishiiieii I and the aiimnnl nl Immyafiny tn he ihme. Nnrinalls a 
box o feet npiare hs s feet hiyh, phiii' nf whieh ate yisen in ^'lyllr<• 
0 , is ad<*(plale fnr tin- aseraye jjnral e-t aid I' hlileiit . 

For the franiewairk n-e 1 hs I imh niateiJah and fnr the dnlihh; 
walls, rnnf. and flnnr u-f U im h I niiy iie-aml-yrnns'e pine ' heal liiny, 
or matched lurnhei . w it h 1 m as y hiiildiny pajicr nr s\ all hnaid hnt ssa eii. 
The material of tlm in'ide walls sh(»nld run Imrizniitally iiml that nf 
the outsitle Wall' Vertically. I’hc door ''liould he hiiilt -nmcsshal like 
that of a lefriyeratnr and sssiny on three heavy hinye'.. llieedyes 
closing ayam-'t a felt nr inhher seat. Similar |U’e< aijtinn't slmuhi he 
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taken for tlie easino:s of the ventilator in the roof, in order to make it 
air-tight. If the voliime of business warrants it, the walls may he 
made of concrete, or glazed hollow tile laid in ccanent. A series of 
adjustable sludves, as shown in tin* plans, upon which the plants can 
be placvd, pcaaiiits a better ddl’usioii of th(‘ gas iiround the material 
to ne fumigated. Tin* suction fan rederred to in the [)lans is not 
absolutely necessary, (‘xcept when tlie box is built williin a coin- 



Fig. 9.— Finns of a 200-cubic-foot furai^'iition box, showiim details of construction (V eii?el and 

merciid packing or shipping room in which many people may b*' 
wxirking, or wdien time is a factor; in otlu'r cases the ordinary 
tihitor IS a suincient opening to permit the (‘scape of the gas. 

Fumigation boxt's should not remain exposed to the w^athei 
they wdll soon warp and become unfit for use. For this reason it 
advisable also to keep doors and ventilators closed w^hen the bo>^ 
not in operation. 




(.(ifiinm ( ijantdr as I'n for ( i n't'n fh)iiSf* Plmits i;{ 

EFFKi Ts or w I \ rni K \M) ornru < omh i lovs os i imi(;ai ion 

Anitui;: tlu' lirJ.if- wliirli i)h' rli'r» h \ i'IUws of 

calcium a a aif tmijirt aOno liiimi<iii\, iiaiistuic, 

iijjlhl , aid iii'.rii 

'IVimn-i at ui I aiiLTiiiLr from cn in 7n V. an- pK'fi ri .d, iMa aust* 
the insret'. Iwr.iiiif nia«lj\*> al l«»\v 1 «‘lii pn a I il I alul aic‘ tlu'il IllnK^ 
rcsislanl to tlii- L'a . ainl il lim trmpriatmn «l|np, ln'lnw .a.V' F. 
niuist ur«* nia \ appeal nii I III- lea \ «*- . I lni> liiei ea^lic; 1 lie i isk of injury 
to the plant . Ili.rh t ••inpi i at uie-> vhnuM he jiN i»i<ie<l, ln'eaUse sIK*- 
CuItMlt t ein h 1 n\\ t h uii'ler Mieli enii.lii mil - m pa rl letil ii rl \ sUseepI ihln 

and is like! \ in hr m pn ed 

Ilumidit \ nr ;,i iiin-plirf le iiini'^ture 1^, all e^->enlial (ai l(»r in rehniMii^ 
tlie h vd I « 'e \ 1 ! 1 K a( id LTa^ finiii the <aleiuin r\anide d he re>nlts 
of th<* t'Xpei inii iit- made thu^ far mdieale that r«*lative humi'hties 
of from h) In ,(i pri « riit ale s 1 1 f I ic I e 1 1 1 for the- puipO'e. Iv\lr«*m<-lv' 
hi"h ^liumid 1 1 \ , e'«p<‘eiall\ if aeeompanied h\ a t eliipei at tire ahovc^ 
70 F., a ((iiiditinn that often eM>t> on a imiL'^:\ ni/jfht, iner«'ases the 

risk of injnr\. 

d'lie pi'e^-eiier of e\eesMVi‘ Iliomhin* ill the oK-elillollse redijers the 
concent rat mn nf the and l- therefoie unde-.indile. 'Tin* plants 

should not he w atered just prior to funninit ion 'The walk- (»r pat hs 
may he damn, hut no standmi," water should !»<• jue eiit.im llu’^uis, 
which is soluhle m wafer, would he f aken up hy if . When t he ealemni 
cyani<le is >p| ink led on wet W allr- eomplex leaetion^ f ake plae<- W hieh 
naiuce the normal <piantit\ of h \ dro<' \ anie-aeid ^a ynseii nfl, thus 
ininairinj' th<- efl ret i veiie^^ of the fumigation. 

To avonl the decidedly injurious rf|e» 1 of vijiiliydif on the fumi- 
gated plants. ;^n-eenh<Mise f il m Ij^na t ion should he affeliinted onl\’ after 
sunset and in tin- dark. I he internal (onditiofis ami aeii\r ^row f h 
of the plant- durme; <lii\jit:hf or while <‘\posed to ‘^iinlipht renders 
them more 'im( apt ihle to the effects of tin* ;.Ms, 'The hle.i! hin;r pores, 
or stomata, aie al-o likely to [lennit the enframe of more into 
the tissues than fhev wouhl ah-sorh in the<lark. '^hadin;'' flic plants, 
especially pahii'- ami ferU'. from direct siinh;.;ht foi* a few hoiiis after 
fumigation i-' of \ aim- in redm ing the risk of injury and often prevents 
the orcurreijf e of hnrning. 

Still night-- are prefei ihle for fnnngat ion, fxs’ause high wind- or 
strong current - of an tetiO to draw tla* gas out of an\’ greenhouse 
which is not airtight and liiu- to pre\eni efleetiv*^ fniingat ion. 

PRIirAl f IONS 


Do not irne-s at tie- (ijhnal eojitenf' of f hf^ gr<*en}iouse or the 
quantity of cyanide to [>e med. 

Funniigate greenhouse- at night onl\ . lio.x fumigation, however, 
be done during the dav. 

Fumigate at teniperatun- ahove F., rireferahlv' hetwer-n tiO 
and 70"^ F. 

Keep (he eva rude away from f)eopIe ijnae<piainted witli its r)oison- 
ous nature and -ee that It 1- pioprrlv laheled. Avoifi handling It 
more than neee-^.ir'.v and wa-h the hand- after u-ing. 

Stay* out of the :jr»enhoU'e fjiinn'j^ fumigation. "1 ightlv' close the 
lioust‘ and \enti) aOu-. Po-f Warning -ign- In-fore fumigating. Do 
not attempt to fumigate a large greeldlou-e ahuie. 
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If the greenhouse to l)e fumigated is near, or attached to, a dwelling 
the occupants should leave the house until the fumigation has ])r(^n 
completed and thorough ventilation has rendered the premises sufo, 

GUIDE TO GREENHOUSE FUMIGATION 

Table 3, which is offered as a guide to those desiring to employ 
calcium cyanide for controliiiig greenhouse insects, is based on (ho 
results of the experiments conduct(‘d thus far at the rates indicated. 
Temperature and humidity readings were juade at the beginning of 
each fumigation test. As is evident in this table, certain plants are 
more susceptible than others to injury from livulroc.yanic-acid gas. 
For example, such plants as Aspuriujas pliunosus and A. spre/p/cii^ 
Wandering Jew, snapdragon, sweet pea, cfirysanthemurn, mar- 
guerite, heliotrope, ageratum, and rose will not tolerate as liigh a 
concentration of gas as ferns, palms, rubber plants, orchids, and 
aspidistra. It is imperative that tliis fact be borne in mind when a 
gr(‘(‘nhous('. or ran^e of house's containing a miscellaneous assortment 
of plants is to be lumigated. 

In the case of most varieties of plants, it is the newest growth 
that may be damaged, parlicidarly the young and tender tips and 
buds: the mature growtli is h'.ss likely to show injury. Because of 
this fact, fumigating for tlie control of insects at a time when there 
is a minimum of succident growth on the plants will materially 
reduce the risk of injury. Where the infestation is so heavy as to 
re(]uire the immediate treatment of plants which are easily hunied, 
the llorist must choose between the loss which would result from 
continued injury by insects and that caused by fumigation, the latter 
being usually only temporary and speedily outgrown, 


Tabiuj 3. — Rv.stili.s of f unii<jation jrilfi calciiun cyamdc in greenhouses and fumuja- 

iion boxes 


1 Plant .s <k\sit:nat«'d b> 

* were fumigated in 

a boi) 


Name of plant 

Cyaiiitio 
jM'r 1,(XK) 
cubic 
feet of 

space 

Length 

of 

exposure 

Green- 

house 

temper- 

ature 

Green- 

house 

hu- 

midity 

KlTect of treatment on 
plants 


Ounces 

lIoHT.'i 

0 p 

Per cent 


Abi’lia j;r;m(linora- 

3^ 

12 

7:1 

92 

No burning. 

Abntilon eclipse 


12 

7:4 

92 

1)0. 

Acalypha Rod.selliana . . 

1 

10 

09 

90 

Do 

Acalypba wilke.siana 

1 

10 

69 

90 

Do. 

Ageratum sp 

•4 

12 

61 

90 

Do. 

Do.. 


14 

74 

61 

Do. 

Ageratum dwarf 

1 . 

12 

73 

93 

Slight burning. 

Allamanda hendersoni 

3 , 

12 

73 

'92 

Do. 

Allornanthcra 

■> 

1 

r.8 


Do. 

•Ainar>ni.s (Uippeastruir si..). 

01 , 

10 

H6 

56 

No bui ning. 

Anthcricum liliago variog itum 

1 ,, 

14 

74 

61 

Do. 

Aralia sier)oldi ( Kalsia japonica) 

h 

12 

73 

92 

1 )o. 

•Artillery plant (Pilea inu; cosa; 

' 1 
I* 

If) 

tl9 

59 

Modeiate injury 

*l)o , . . 


If) 

72 

49 

ScN'ere injury. 

Asparagus plumosus 

’■1 

1:1 

63 

St 

Sevei e burning. 

• A sparagus sprengeri : 


15 

72 

49 

'I'mee burning on nrW 

Aspidistra lurida .. 

1 

15 

69 

63 

lil)s. 

No burning 

Aspidi.stra lurlda variegala 

1 

15 

6‘) 

63 

Do. 

China aster (Calli.stei)lms) . 

1 

10 

69 

90 

Very slight. 

•A/ ilea indii-a 

* 2 

0 

6.3 

71 

No burning. 

•Do.- -- 

:{ 

16 

64 

3S 

.•flight spotting of tips 

llanana (Mu.sa) ... . 

, 

12 

73 

!»2 

No burning. 

Begonia sp 

'4 

12 

73 

92 

Do. 

Begonia sp 

2 

1 

15 

71 

60 

1)0. 

i)o. 

Bleeding heart (Durntra spcctabilis) ! 

10 

69 

90 

Blue lace Bower (Trachymene caeruleaBl 

h 

1 

61 

89 

Do. 



(.ah uim (.i/uiiitl,- as a I'ami,i„itl far (in-rnhonsr l>l,inls l 


TaBLK 3.- h‘, s>,lfs »J fum on with i'ol. nnn i'>,nni,{, 

tiofi hit.rrs ( 'out 


in <jf i t n}n)ust s ii ml I u >n I . 


N Ilf I'l (in 


I I y;mi.lc 

; I.IMK) l.cnclll 



<}M‘cn- ; (h.'cn 
hilllx* • llOljM' 
l<‘!n|iiT- I hu j 
nii.|il> i 


K I'fi I of t mm! liiriit I :i 
)>l. lilts 


Him* SllRO (S;|K : I I. uic (I 
Brujrmansi.i (l> i(u! » u i\ no 
Buddit'ia fdin-^t i 
Bllddiria v:iM:ifiili 

nii\us sniipcr V ii i-rs \ u n' 1 1 i 
("lilla (X,anti‘d( SI In 1 1 
("aliiphor (fiMi; i.niiiiiiuii' I 1 ' 

1 1 i .n .li in , il.iin! ^ 

tarnation (ni.iiithu . r n \ . 

(’aryoptcris ituMiii ihlu. i.i!.i- ., 

('rrcus 

( ’lirysiinf hi'Miuin 
Do. . 

•Do I 

('i.VUS discolni 

f'oicussn. ! 

Do .. . I 

•Do I 

Dosnios . i 

(’uphm ijitii-a (i iy ir pl int ■ | 

(’yclarm'ti ti.a -h uui . m i i ' 

("yfliiim'ii latifiiliiiiii 

(’yiXTUS altfiriifnliu . njinfiM l! > >,.,1..,., 

Do 

Ddpliiniiliti (annu U 1 n k- imf 
I^raraMia (( 'ordy lini' ludr.is,, ; 

Dusty inillcr (< '••iit hii.m , im i n , r 
Ib) 

Kli'pllarifs *Mr i< ’ulo, i i c'l nl. n' i' 
FAnnyrniis japntui 
Kvonytmis ladn wi' 

Kvonytniis mi 

KvonymiLs vn n n d • ■ ; nl.^ m 
Ferns: 

•Attiani Mill s|i ' 1 n !. nf, ,:r fn ii 

Do 


t *'/ '.I'l V 


( 'yrtomiuni f ib ,i;;. i , f, i n . 
('yrloinimii im lif.ii di ii.'.-n 
Dryo|)i('n< Vi: idi ( . II- > 

wood f'-rn 

Nophroli‘|)is • p 

Nc'Jjhroli'pi'* • il' d . t-.i ii'i.;. f; 

SIS I Hi.'fnn fi'i n 

IV) 

•Nephrnlf'pr- (,; , ,n- 

IMons sj'.p 
Ficus claslica 


Ficus p indtir at i 

ForK«d,-ru(’-nMf ; \i ■, 

Frccsia 

Fuchsia . . 
Ocrauiums 

PclarKooiuiM I 
Ffidy WiLstiiiiv' 
Hose ( 1*. 1 ^ ' ' 

Gladiolus... 
Gloxinia 


Grape, Concord. (Vn 
Guava (Psidiurni 


Heliotrope (ncliolr.ipinin jn : iv i:.ni;:. , 

Hibiscus coop< ri 
Hydrangea otak-^a 
Ivy (Hedera In li\) 

Jasminum: 

Grand Duke 
•Orandlllorurii 
*MuJtinoruiii 
Nmllfloruni 
Primulinurn . 

Jerusalem cherry (Sniinuin p'.i lido- 

capsicum) 

JustlcU rosea 

Kerria Japonica 

Kudui vine (Puerana f hoiih. ly-i.in.i) 
Lavender (Lavendul.i oiliem.dis) 


I ; 

I 


Laotana caznara 


1 .’ 

I 

I.’ 
I J 

I I 


I I 


Ii 

10 

It 


<> : 

1 1 


1 1 ' 


10 : 

lo ' 


1 1 . 

1 1 ' 

1 1 

:;! 

1 1 I 

! I ' 

I * I 
1 .‘ ■ 

I » ' 


I I 
I 

I I 

1 I 

12 


n ; 
12 


1 

12 I 


h 





'd ! 



lid 

7.1 

T'. 

0.1 



• >l 

*d 


i .\i) 

! .'S<-vei I* HI Jill > 

1 ii I 

; Do 

Do 

j s 1 1 vd 1 1 H I ) 11 1 \ . 

I No luiiiniix 
i SiHcti' iijiiiy. 
' No lull iiinx 
Severe ii)jtu> 

1 .No biiriiiiig. 

; Do. 

Do 

I lo 
I lo 

Do 

Do 

Du. 

Do 

Ho 

Ho 

sbirlii injury. 
No biiMiiuK'. 

I )o 

Do 

Do 

Do 


Do 

■'•1 idiyhi injury (old 

y.i ou I b) 

i , N" oiiiK. 

Ho, 

lio . Do 


',KI 

K{ 


H.t 

‘HI 

•.«) 

‘.a 

•H.t 

•SI 

•M) 
!MI 
<JS ( 
S' I 
'.IS ' 

yj 

I 

W) 

'.U 

id 

V2 

f)l 

•Vi 

'.12 
'.>2 
llS ♦ 


i 

i 


Do. 

I lo 

Do. 
Do. 
Do. 
Do. 
l>o. 
Do. 
Do. 
I lo. 


Do. 

Do 

Do. 

1)0 

Severe injury. 
I No burniuK. 
i Slij'lit Injury. 

I .No liurnlnK- 
Do. 

Do. 

I Do. 


1 Do. 

! Tip.s burned siighlly. 
Do. 

Do. 

No burning. 

Do. 


71 '.12 Do 

7.1 ‘.12 Do. 

M Do. 

7;i '.r2 Very i^ligtii tip burn*' 

iiig. 

71 yj , \ ery .severe burning. 



2-J6 


16 Department Circular 380, U. S, Dept, of Agriculture 


Table 3. — Results of fumigation with calcium cijanide in greenhouses and fumiga- 
tion boxes — Continued 


Name of plant 

Cyanide 
per 1,000 
cubic 
feet of 
space 

Length 

of 

e.xposurc 

Green- 

hou.se 

temper- 

ature 

Green- 

house 

hu- 

midity 

Effect of treatment on 
plants 

Lanfana carnara _ . . . . 

Ounces 

> > 

Hours 

12 

° F. 

73 

Per cent 
93 

No burning. 

Ivantanasp 


61 

S9 

Do. 

I/Cinon vci lx-na (Lippia citriodora) 

k- 

I ,, 

i:i 

61 

S9 

Do. 

Liliiim pigantcum (diant lilv) 

14 

74 

61 

Very .slight lip burn- 

Marpnorite daisy (('hrysanthemurn 

'i 

i:i 

63 

84 

ing.i 

Slight injury. 

fnifosccns). 

Do ... 

1 j 

15 

65 

,56 

No burning. 

Maripolfl (('idcndida oflicinalis) 

I , 

1.-4 

61 

84 

Do. 

Moonilowc'r (Ii)(»nin*a pranddlora) 

I'z 

1 

72 

75 

Do. 

Moonflowor (IponKra tuhiculaf a) 


12 

73 

93 

Very severe injury. 

Nipht-hloouiinp oestrum (('ostrum 

2 

1 

6S 

83 

Slight injury. 

nooturnum). 

Oleander (Nerium oleander) 

’.1 

12 

7.3 

92 

No Imrning. 

Orchid: 

Oattleyasp 

1 

14 

6'.1 

90 

Do. 

('ynripediiini (2 varieties). .. . . 

1 

14 

69 

t)7 

Do. 

L.Tlia sp 

1 

14 

6.9 

90 

1)0. 

*On(’idiiini 

• ■'> 

15 

(fS 

42 

Do. 

Do 

4 

14 

61 

49 

Slight injury. 

Do 

1 

H 



Severe injury. 

Palms: 

Kentiasp. (ilowea) 

1 

12 

6(1 

>,0 

\() Imniing. 

Pandanus vcitchi 

1 

14 

69 

90 

Do. 

Perisirophe.. . 

1 . 

12 

7.4 

.S5 

Do. 

Periwinkle (N’itica). 


14 

69 

90 

Do. 

Petunia... 

1 

1 ; 

64 

f»I 

Slight injury. 

Pittosporum 


11 

6.3 

98 i- 

.No l.>ijitiing (older 

I'liimbapo capensis 

1 , 

11 

63 

98 3 - 

Shghi injury. 

Purnbapo caperisis all)a . . 


11 

63 

98 ! 

Do. 

Pninsettia ( l'Uif>hoi'bia pulcherrima). 


12 

73 

92 

No fanning. 

Primula obconica 


14 

59 

,83 

Do. 

liose: 

America 

1 

14 

63 

,84 

Do. 

.Ameritan f.epion 


Id 

6)4 

84 

Do. 

Butterfly 

: 1 

i.t 

65 

; ,80 

Do. 

Ocile Brunner 

<4 

i' 

65 ! 

! ,80 

; 1 )o. 

(daudius Pernet. 

1 j 

12 

72 1 

95 

1 i .)o. 

('olumbia . 

i ij 

12 

66 1 

90 

j Do. 

Do ... 


14 

14 

57 


; Sepals tun ned, 
i ,\o tiuining. 

('ommonweallh. 

I i[ 

63 1 

84 

Killarnov (double white) 


1:4 

(i3 

79 

1 Do. 

Do 

! \ ' 

10 

6.9 1 

1 90 

1 Do. 

Premier 

I 4 

<J 

6.5 

1 86 

i 1 > 0 . 

Hosaodorata, 


12 

72 

! 91 

j Slight injury. 

Sanchezia not)ilis 

! '4 

12 

73 

! 92 

No Inn ning. 

.Sansevieria ze.\ lanicn 

■' t 

12 

73 1 

92 

Do. 

Sant alum (sandalwood) 

1 ' 

1 12 

70 

1 91 

Do. 

Scarlet .sage (Salvia splendens) i 

1 " 

15 

65 

: 80 

No burning (1 bloom). 

Schizanthus pinnatus 

1 

61 

89 

No burning. 

Sensitive plant (Mimosa pudica) 

1 

11 

63 

98+ 

Severe injury. 

Soris.sa foetida 


12 

73 

92 

No biirniug. 

Silk oak (Grevillea robusta) 

2 

1 

6,8 ’ 

83 

Do. 

Snap'lragon (Antirrhinum raajus) 


13 

61 

84 

Do. 

Do... 


14 

.59 

83 

Severe injury. > 

Snapdragon (Antirrhinum sp.) 

14 

69 i 

90 

No burning. 

Spanish iris (Iris xiphium) 

H 

11 

63 

98+ 

Do. 

Spider lily (rivmenocallis) 


11 

a3 

98+ 

Do. 

Spir.ca billiardi 

% 

12 

73 

92 

Do. 

Spiriea lindleyaua 

li 

12 

70 

91 

Slight injury. 

Do 

u 

12 

73 

92 

No burning. 

Spirsea opulifolia 


12 

70 

91 

Do. 

Spiraea vanhouttei 


12 

70 

91 

Do. 

Sultan’s balsam (impatiens siiltani)... 

h 

12 

73 

93 

Do. 

Do 

H 

12 

73 

85 

Slight burning. 

Sweet olive (Olea fragrans) 

H 

12 

73 

92 

No burning. 

Sweet pea (Lathyrils odoratus)... 

h 

13 

54 

76» 

Do. 

Do. 

1 

12 

62 

93 

Slight injury. 

Tapioca 

H 

12 

73 

92 

No burning. 

Thistle (Onopordon) 

H 

12 

73 

92 

Do. 

•Wandering .lew (Tradescantia).. 

H 

15 

72 

49 

Do. 

Wax mallow (Malvaviscus arboreus) .. 


12 

70 

91 

Do. 

Do 


12 

73 

92 

Do. 

Weeping willow (Salix babylonica) 


12 

70 

91 1 

Do, 


1 In flower. • Leaves spotted, flower sepals bleached. 
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F''umk;ation— B uii-DiNc; 




Fumication oi- Dwi.:i.i.in(; l loi si-s 

Hydrocyanic acid <;as, as an cdfcctivc funiiij;ant lor dwci 
lings and warehouses to riii them of insect aiui roilerit pests, 
has been in commercial use for the past twenty years. 'The 
earliest source of this gas was by generation from sodium or 
potassium cyanides by means of sulphuric acid. 'This method 
was found to be wasteful in that much time had to be spent 
in weighing out and combining the materials before the fumi^ 
gation and in cleaning up afterwanis. 

ddie successful commercial use of litjuehed hydrocyafiic 
acid in the fumigatiofi of citrus trees in C'alifornia to replace* 
the Sf)dium cyanide method led to its application in the fimii 
gation of enclosed spaces such as dwellings, ships, mills, and 
warehouses. The simplicity of application, the high concen 
tration of gas, and the tact that there were no materials to be 
cleaned up after the fumigation were strong argumeitts in 
favor of its use in preference to sodium cyanide. Due* to t!ie 
difficulties of the distributio»i of a material such as litpiefied 
hydrocyanic acid in such small (juantities as would be neces- 
sary in the fumigation of dwelling houses, its use has ne\er 
been developed either by tlie ordinary individual or the pro 
fessional fumi gator. 

Kxperiments conducted in our technical laboratory indi- 
cated that by merely spreading out Cyanogas C'alcium C'ya- 
nide in a thin layer on the lloor it would yield a sullicientl) 
high concentration of hydrocyanic acid gas to be effective in 
the fumigation of enclosed spaces, d'ests to determine the 
concentrations obtained and the speed of evolution of the gas 
were carried out for the* purpose of comparing the eff)cac\ 
of Cyanogas “A" Dust, C\anogas (granules, and liijuelied 
hydrocyanic acid gas. Table I gives the results of these tests 
which took place under the following conditions: 

1. A fumigati(ui chamber with a capacity of 7^0 cu. ft. 
was used in the tests. 'The chamber was not hermet 
ically sealed. 

2. d'he C'yanogas was spread on newspapers in a layer 
one eighth of an inch thick. 

3. The Cyanogas was used at the rate of 1 lb. per 1()(K) 
cu. ft. of space, At of one pound being used in the 
chamber. 

4. — Comparison was made between the different grades 

of Cyanogas and an e(]ui valent amount of li(]ucfied 
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hydrocyanic acid, 4 ounces of liquid to 1000 cu. ft. 

.‘5. — Samples of the air in the room were taken at the end 
of the first hour and each half hour thereafter until 
the eighth hour and a final analysis at the end of 
24 hours. The air was sampled alternately from 
the top and the bottom of the room. 

One of the most interesting points is the fact that a more 
even concentration is obtained by the use of Cyanogas than in 
the case of liquefied hydrocyanic acid. In the beginning ol 
the fumigation a low concentration is obtained by the use of 
Cyanogas, a decided advantage in that it gives a wide margin 
of safety. The person who is conducting the fumigation has 
ample time to leave the building. In the case of fumigations 
with sodium or potassium cyanide the highest concentrations 
are built up immediately as in the case of liquefied hydro 
cyanic acid gas. 


I'AIUJ' I 


( ()N( KN'TUATION'S ()|{TAIM:!) Dl UINC TIIK TkSTS 


(^OXC'KNTKATIONS 01' H(.‘X IX PaKTS PkK MllJ Id s 


Timk 

PF-.M!'. 

Rkl. Hi .\i. 

('VAXOtiA.'^ 

“A” 1)1 ST 

( 'VA XtXi.\S 

( >RAX 11. AK 

Liocii) 

H('N 

1 hour 

56 

70 

648 

248 

2224 

1..S hours 

56 

70 

816 

232 

1536 

2 

56 

70 

976 

248 

1408 

2.5 '• 

56 

()5 

832 

216 

1080 

3 

57 

65 

944 

,^04 

680 

3.5 “ 

5tS 

65 

832 

304 

592 

4 

59 

(£} 

848 

344 

5<)2 

4.5 •* 

tfO 

m 

760 

368 

528 

5 

62 

60 

704 

432 

488 

5.5 “ 

64 

65 

640 

456 

472 

6 

r)4 

65 

640 

4<)6 

472 

6.5 “ 

64 

65 

m) 

496 

464 

7 

63 

70 

600 

520 

45() 

7.5 “ 

63 

70 

600 

520 

45() 

S 

62 

70 

592 

560 

448 

24 

56 

85 

48 

320 

0(1) 

.Average concentration for 
first eight (8) hours 


735.2 

382.4 

793.6 


P’rom time to time, various reports of house fumigation-; 
have been sent in by interested experimental workers. These 
indicate the success of Cyanogas in the control of household 
pests under diverse conditions. (Table II.) 
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Experiments with Cyanogas for the fumigation of build- 
ings and for the destruction of fleas in open sheds, etc., arc 
contained in the following article: “The Use of Calcium 
Cyanide for the Control of Fleas and Other Insects”, by K. C. 
Sullivan, which is reproduced from the Journal of Economic 
Entomology, Vol. 17, No. 2, April, 1924, p. 230. 

Professor Roger C. Smith of the Kansas Agricultural 
Experiment Station has carried out extensive tests with cal- 
cium cyanide to determine its efifectiveness and to work out 
the best methods of application for the fumigation of enclosed 
spaces. His paper, “House Fumigation with Calcium Cya 
nide”, is reproduced from the Journal of P>conomic Ent(j 
mology, Vol. 19, No. 1, February, 1926, p. 65. 

The results of various laboratory tests of the toxicity of 
hydrocyanic acid gas to insects and rodents are reproduced 
from an article entitled “Calcium Cyanide Fumigation” by 
S. N. Gore, Indian Journal of Medical Research, Vol. XIII, 
No. 2, October, 1925, p. 287. 

It may be noted that Dr. Gore’s conclusion concerning the 
efifectiveness of calcium cyanide used in the open is not in 
harmony with the results obtained by open air dusting in the 
control of various insects, reported in Section 6. The methiHi 
of blowing dust into the rat burrows described in Section 4 
has not been used by Dr. Gore. An examination of these 
sections and Dr. Gore’s work clearly indicate that the dififerenr 
conclusions are due to different methods, and in some cases 
different problems. 


THE USE OF CALCIUM CYANIDE FOR THE CONTROL OF 
FLEAS AND OTHER INSECTS 

By K. C. Sn.i.iVAN, Columhia, Mo. 

.Ahstkact 

Calc ium c yanidf was sucri-ssfully used for the control of th<‘ lJoj< fleas {CU'hoo - 
pluilus ranis Curtis) and the Human flea {Pluex irritans L) in Both open and clo'^^e 
hnildinxs, C'alcium cyanide used at the rate of four ounces per UM). sq. ft., cv II 
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Kive practically 1(K)' , kill in cluscd IniiMinns. Ki^ht <n„uvs to KNl m, I, ,n ,.pc ,f 
buiUliiiK's will till' same results. 

C alcium eyanuie dust was siucessfully usis! for coalrollin}^ hlistei 1 h« tUs {h f't 
fautu vif/utd I'alc), in j'anleiis. 

^Use<l at the rate of o ie ounce to l.'iOO eii. ft., of space, calcium cNvmidi- dusl ),;avea 
y5V, kill of white fly {MriirodfS Vtipomt torum Westw.) in f^weenhouses w u houl an> 
injur\' to plants. 

Calcium c\am(le dust j^avc fan results when u.sed at tlie rate of on.' ounce to ’Jo 
cu. ft., o:ie ounce to .>() m. ft , and one oimce to 1(K) cu. ft ., for pc'riotls \'ar\ inj^ from 
•45 minutes to om liour, for the control of San Jose scale spidiolns prrntiiosus 
Comst.) on nursciv stock, apple and peaih. 

During the ppst \ ear caleiuiii cyanide has been used at the Missouri 
Agricultural Mxperiinent Station for the control of a number of difTerent 
insect pests. Due to tlic fact that C'alcium cyanide is a new product 
most of th(‘ work with it up to the present time has been purely experi- 
mental. Howe\er. in a niunlier of (uises ft has been usod with very 
gfreat success in a practical way and on a lar^w* scale. The rcsnlts whicii 
have so far been obtained leatl us to Itelieve that calcium cyanide has 
many possibilities and that in the futurcit can be safely and sncc.cssfully 
used for tht' control of not only certain insect pests but also certain 
other types of animals such as rodents which <lcstroy annually lar^c 
quantities of ayni('Ultural products. It must be rejnembered, howi^ver, 
that its use as a remedy for controlling.^ insects is still lar).,a-lv in the 
experimental staf^w.. In inost cases methods of application must be 
worked out and thedosakte necessary to kill particular insects determiTtcd, 
In other weirds, from the standpoint of an entomologist there are man\ 
thinf^s which we do not know about calcium cyanide Therefore, in 
this paper I shall attempt only to point out some of the possibilities of 
calcium cyanide when used for the control of fleas and other insects 
and j>:ive a brief resume of the results which have been obtained during: 
only one seasons work. Additional work may, and I believe v\i]l. 
substantiate the results which h.ave been obtained, but on the other 
hand further experiments should be carried out before definite con- 
clusions are drawn. 

Calcium cyanide bein^ a material which ^ives off hx'dnx \ anic acid 
gas, one naturalh^ infers that it can be use<l for fumigatin;^ purposes. 
It may be obtaine<l in three different forms - flakes, granules and dust. 

On coming in contact with moisture either from the air or the soil the 
hydrocyanic acid gas is given off All of the different forms are easy 
to handle and where it can be successfully used the process of fiunigating 
is greatly simi)lified. In some instances it is more rlesirable to use the 
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(lust fonu than cither the K^ranulcs or the hakes, as the hydrocyanic acid 
i^as is ^n\'en off more rapid 1\^ from the dust. 

Duriuy the jxist summer fleas were very ])lcntiful in Missouri es- 
l.iecialh' throUKdi the central portion of the state, with the result that 
ample ()])])()rtunitv was offered to make some rather extensive tests with 
('alcium cyanide. The credit for the work with fleas is larp^ely due 
Mr. S Hromle\'. Tins w'ork was carried on in c'ooperation with 
the Department of Entomology of the Missouri A^wicnltural h>x])erinient 
Stati'>n 

The first lest made was in a modern dwc'llin.e house in Columbia, 
Missouri on July 1^0, An Airdale doy was allowed to sleep on 

the second floor with the result th.at this floor became badly infested 
with the doy flea {(.Ivuoccplialus aviis (hirtis). After the infestation 
was discovered the doy and two cals were ke])t out doors. The floors 
were new and of hard wood, d'he fleas were evident !>• in the ruy. and 
ujion enteriny this floor numbers of the ])est would jum]) u])on the 
trousers. Xo fleas were observed in any other jxirt of the house. 

The h(.nise was fumiyated with calcium ew'anide flakes at the rate of 
I ozs. to 10(1 (’u. ft. on tltv second door tvhere the infestation w’as present, 
and one ounc'e ])er 100 eu. ft. on the first floor and the basement. The 
flakes were ])Ut down at S;d0 in the morniny, tlu' house (.Mn|.)ticd of its 
inhabitants and all the w'indows and doors c'losed. 'I'he flakes were 
scattered on netvspa])ers on the second and first fkx.ir and on the concrete 
floor in the liasement. Flakes were also scattered outside in the new 
slccpiny c[uarters of the cats and doy, and the animals were treated 
with kerosene emulsion. 

At o:d() I\ M. the house was opened and tlie news])a])crs and flakes 
removed. The flakes were still yiviny oil some yas. A number of dcacl 
fleas W’ere shaken fixim the ruy in the badly infested room. Duriny 
the next few' days three or four fleas v/ere found in clothiny wdiich 
w'cre evidenth' brouyht in fnim the outside. No further trouble was 
experienc'ed and the owmer was well satisfied with the results. 

Similar results were obtained in the basement of a st(")rc in Coliunbia, 
Missouri. The owmer kept a doy in the basement and it became so 
badly infested that he feared the fleas W'ould find their w^a)^ up stairs 
and attaek his customers. The basement W'as tiyhtly closed and the 
door fixed so it could be opened from the outside. At 7 :d() P. M., 
July 20, 1923, flakes were scattered on the concrete door at the rate of 
twxj ounces to 100 cu. ft. 3'he place was opened the next morning at 
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7 :30 and no live fleas eonld be found. The do^ was taken tolheccnnitn' 
and the owner had no iniu'e trouble. 

The s])ace under the porch of a dwellitij^' house in Cohunbia, Mo. 
becanic inh sled with fleas from a do^ which bedded there. The owner 
spent a few minutes under this porch otu‘ day examiniuK some pipes 
and afterwards killed twent\’-two fleas on his clothinf.^. The di.mensions 
f>f the space' under the porch was ninety sijuare feet. At 4:17) P. M. 
August 1, 1023 a little less than two pouiuls of calcium cyanide 
dust was unifonnly scattered, 'rhree days later no fleas could be 
noticed under the ])orcli but ujxmi examininj.,' a quantit>' of tlu' debris 
in the laboratorx' one li\ c Hea was found. 

4'he barns, sheds and ho^^ hou.scs on a fann near ('olumbia, Mr), 
became very hea\'ily infested with the human flea iPulcx irriUifis L.) 
The fleas were so bad that the owner had trouble kecjiiiiK' hired help. 
Calcium ( vanidc' flakes were scalfcrcd l)y liand at the rate of four 
ounc(‘S to 100 s(j. ft. on newsjiapers which had been sjiread dowm in the 
different buildin;.,^s. d'he flaki's were ])Ut down at 7:30 P. M. July 24, 
192.3. The newspapers wc're usc<l so that the n*sidue could be easily 
cleared away as j)oul(r\' and hoys had the run of jnost of the buiUlinys. 
Wherever jiossilile tlie buiMinys were clo.scd l)Ut some of the sheds 
were f)pen on one side. 3 here was no bri‘<.*z('. Conditions w(*!t! as 
nearly idc*al as possi1)le 3'he next morniny the premises wi're carefully 
examined and no liviny fleas were fouial cxccjit in tlie tool shed. In 
this buildiny a few' had survived. 3 he application was rcjicated in 
this buildiny usiny ciyht ounces to 100 cu. ft. Not a sinyle liviny fk^a 
could be found one hour later. 

C'alcnun cyanide used at the rate of eiyht ouia.-es to 100 sip ft. can be 
depended upon to yiv-c ])ractieally a lOOfv kill. In a buildiny which 
can be closed, four ounces to 100 s([. ft. will yi\'e the s.aiiu! results. 

Some intercstiny rc'sults w'ere also o])tained in usiny caleiiun cyanide 
for the control of l)listcr beetles on yardcii and truck cia)ps. Tests 
were made with the oOVc dust on the striped blistt'r beetle {Ixpicciuta 
vitiata Fab.). 3'his blister beetle made a sudden attack on a .small 
yarden of about 25.") feet square. 3'he\' were feediny heavily upon 
beets, and potatoes. A knap.sack duster was used .and the a])plieation 
was made at about 4.00 P. M. on July 27, 192.i. About two ])ounds 
of dust was used. Most of the beetles were killed almost instantly. 
Some, the yas seemed to paralizc. First, the rear i)air of leys became 
useless. The beetles would try to pull them.selvcs alony with the first 
two pair when shortly the second pair would cease to function. Then 
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in a short time the first pair of lejjjs would become useless, 'fhe an- 
tennae seemed to be the last orj^ans which were affected. Naturally a 
few of the beetles escaped before they j;ot encm^h j^as to stop them, also 
a very small number of the beetles revived enoujj^h to crawl awa\ . 
The ^^arden was examined the followinj^^ morning. vSome of the beetles 
on the ground were still able to slightly move their legs and antennae. 
A number (ff these were collected and brought in the laboratory .Twenty- 
four hours later they were all dead. Very few of the beetles escaped 
and the injury they did to the garden was slight. Similar results wcri' 
obtained in every case where calcium cx'anide dust was used for the 
control of blister beetles. 

A few tests were made with calcium cyanide on squash and melon 
vines for the control of the strii)ed cucumber beetle {Diabrotica vittata 
Fab.}, and the squash bug {Anasa Irish's De(j.). Calcium cyanide 
flakes used at the rate of one teas])oon per hill killed both the insects 
and the plants. The granules and the dust ga\’e the same results. 
Equal i)arts of calcium cyanide dust and air slacked lime used at the 
above rate showed no injury to the plants but did not give satisfactory 
control. However, from the. results obtained it seems probable that it 
will be. possible to work out a dosage which can be used satisfactoriK 
for the control of melon ])ests. 

Plant lice succumb quickly to very small quantities of calcium c>’anide 
dust. The dust was successfully used on melons and on S])iraea Van 
Houtti. It was applied with a small hand bellows. The aphids were 
almost instantly killed and without injury to the ])lants. 

Recently the Department of Horticulture of the Missixiri Agricultural 
Experiment Station has been dei)ending upon calcium cyanide dust 
for the control of the white fly {Al&iirodes vaponiriorum Westw.) in their 
greenhouses, 'fhe results have been entirely .satisfactor\’ It was first 
used last May in a greenhouse containing young tomato plants which 
were badly infested with white fly. The house containeil TTAS cu. ft 
of space. Eleven ounces of dust was used. It was evenly distributed 
on the beds thruout the house and some (jf the dust was placed directly 
on the leaves, The apj)lication was made at bdO P. M. iMa>- 23. 

The house was opened the next morning at 4:3."). All adult flies wen 
dead. Most of the larvae and eggs were killed. The pupa aijpeared 
to be alive. Seven days later several adults ha<l emerged from the 
pupa and the few eggs which had not been killed were hatching. When 
the calcium c>'anide came in contact with the leaves it caused serious 
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bum in>,^ Otherwise ilu* plants \vm* not injurt‘<l It requires two treat- 
ments to tliorou^^hly clean out an infestation of white lly. 

A t^reenhouse ('ontaininj.,' over fifty ilitTerent kindsof plants was fiuni- 
jjated DeeemlKT 17. 1112.4 usini,' one otinee ealeium cyanide dust tol,(M)() 
cu. ft. A 9.')^’^ kill! of white fly was obtained and no |)lants wore 
injured. A temix'iatmv of (50 I', was maintained and the house was 
allowed to fuini,^ate from 7 I*. M. to 7 A. M. ('alciuni cyanide dust 
used at the rate of om* omu e to 2.000 ('u. ft., tejnperalure (>()” F..).|;avea 
2-V/J kill, 'riu' e.'ist' and s.ifety with whit'h cah'ium cyanidi- can be used 
sec*ms to indif'alc' that it has possibilities of becominf.; (lie standard 
remed\’ for the ('(Uitrol of white flies in greenhouses. Its efft'c't U])on 
other ).;reenlioiisc' pests has not as yet been stmlied. 

On \o\emb<.*r 1.4. 102-4 a series of experimt'nts W(‘re started to de- 
termiiu* (he \aliK- of (’aUinm e\ani<le for fumi.eal inj.; nursery stock 
infestv'd with San jo.sc' Scale {.\spi\liotus fycnitdosus C'omst.), apple 
and peach trees were used 'Die apple trc'es had two si‘asons ^.jrowth 
from ^rnft. the pe.ich (tees wc-re ('ut backs but w ith two sc-asotis ^u’owth 
They were' ^rown in an c'.xpcrinu ntal nursery and wt're badh’ infested 
with San Jose Sc'ale. Many of the' pe'a<*h we*re‘ almost I'ncrusted A 
tijijht fumi,L,a'itjn^' b(»x was usc'd ('alcium eyaniele dust was u.sc'd at tin* 
rate of 1 ox. to 2.’) e'U. ft ; 1 ox to .lO cu. ft., I ox to 100 cu ft ; 1 ox 
to 200 cu. ft. and I ox. to 100 cu. ft. l'i\'e‘ sets of tre'C'S we're* used for 
each streii^Oh. 'riii' first sc't was .allowe'd to fumi}.^'i(e for .40 minute's, 
the se'c'ond I.') tnitnttes; the' third I hour; the fourth IM hours and the 
fifth 2 hours. 4'he trees we're dut: an<l place'd dire'e'tly in tiu' fumiKatin^ 
box. 'I'he desire'd (|uan(it v of ('ale ium c'>anide‘ dust was the'ii spread 
out on a dry board placed in the* cente-r of the box about half way 
between the bottcni and top. Afte-r fumi^jatin^ the tree's we're reset, 
and ten da\s later the first counts were* maelc With every test enou)j[h 
.scales Were' coimlcd to ^^e t a fairly aevuratc' a\’era;4e' of the* pe'r<'e'ntaj.je 
of .scale' killed. 'I'he first or the- ten day count showed lli.at none of the 
treatments resulted in a 100'^' kill. In one case (I eix. to 200 cu. ft 
for .40 min.) onl\ 70^/( f>f the scale's w'CTe* deael but in most cases the 
kill W’as Ix'tter than 00^ About thrt'c we'C'ks afte-r furni^^atiriK counts 
were aj.jain made e)n the' first three se'ts of trt'e's 4'his time lOfF/y 
of the scale were de*ad in eij.,dit out of fifteen cases. Then ai^^ain abeiut 
five weeks after fumi^aat inj.^ the third counts were made on all of the 
twenty-fiA-e difTere*nt tests. Live scales were found rmly on nine. 
The followin^^ table shows a comjdete record of all counts made and the 
results obtained 
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The Use of Calcium Cyanide for the Fumigation of Peach 
AND Apple Trees for San Jose Scale 

Percent scale dead for different 
periods of treatment 


Amount of 

Dale of 

Date 

Kind 

;^o 

45 

1 

V /2 

2 

material used 

treatment 

counted 

of tree 

Min. 

Min. 

Hr. 

Hrs. 

Hrs, 

1 oz, to 25 011 . ft. ll/i:V2-3 

11/23/2:3 

Peach 

00.5 

04.5 

06.4 

00.3 



11/13/23 

11/.30/23 

Peach 

06.5 

00.0 

06.5 

00.0 

04.5 




Ai)plc 


100.0 





11/13/23 

12/21/23 

Peach 

ioo;o 

100.0 

100.0 

08.5 

100.0 




apple 


100.0 

100.0 



I OZ. to 50 cu. ft. 

11/16/23 

12/26/2.3 

Peach 

8,3.3 

00.0 

04.0 

06.8 

06.S 




Apj)le 


100.0 





11/16/23 

12/6/2,3 

Peach 

01.0 

1(X).0 

l(X).0 

06.8 

08.5 




Apple 

09.2 






11/16/23 

12/20/23 

.Peach 

100.0 

100.0 

00.5 

100.0 

100.0 




Ap])lc 

100.0 

100.0 

100.0 

100.0 

100.0 

1 oz. to 100 cu. ft. 11/17/23 

11/28/23 

Peach 

08.6 

05.0 

00.5 

01.7 

06.5 




Apple 


06.0 


02.3 



11/17/23 

12/7/23 

Peach 


100.0 


1(X).0 

01,5 




Apple 

100.0 

00.0 

08.6 

lai.o 




12/20/2:3 

Peach 


1(X).0 

08.6 

1(X).0 

1(K).0 




Apple 

100.0 

100.0 

06.8 

1(X).0 

100.0 

1 oz. to 









200 cu. ft. 

11/20/23 

11/.30/23 

Peach 

70.0 

87.0 

03.0 

70.0 

05,0 




Apple 

07.0 


03.5 


06.0 


11/20/23 

12/20/23 

I'^each 

03.5 

07.5 

90.0 

1(X).0 

100.0 




Apple 

08.0 

100.0 


100.0 


1 oz. to 









400 cu. ft. 

11/24/23 

12/6/2,3 

Poach 

07.0 

5f).0 

07.7 

100.0 

05.5 




Apple 



86.2 

00.0 

1(X).0 


11/24/23 

12/‘20/23 

Peach 

S2.0 

68.1 

93.7 

1(X).0 

100.6 




Apple 

,54.7 


lOO.O 

KXJ.O 

100.0 

("hcck . 


12/2S/23 

Peach 

Percent 

Scale (] 

lead 62.0 



A])ple Percent Scale dead 

From the results one would naturally draw the conclusion that 
calcium cyanide kills slowly. However, on the first counts made 
wherever it was doubtful whether a scale was alive or dead it was con- 
sidered as a live individual. At the time when the last counts were 
made there was no question about the live or dead individuals, rbey 
were easy to distinguish. This probably explains the difference in the 
])ercent of kill between the first and last counts. Also the results seem 
to indicate that calcium cyanide used at the rate of 1 oz. to 100 cu. ft- 
will give just as good results as when used at the rate of 1 oz. to 25 cu. ft- 
The thirty minute treatments gave just as good results as the two 
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hour treatments at the ah<n’e stronj^th. With the weaker eonccntra- 
tions the period of fumigation must be len^^lliened as one ounce of cal- 
cium cyanide to 200 cu. ft. and to -100 cu. ft., ^ave lOO^o kill only for 
the 1>2 and the 2 hour pc'riods. 

The writer has <lone consideral)le work with l)oth i)otassiuin cyanide* 
and sodium cyanide in the control of scale insects on nursery stock 
and the results so far oldained with calcium cyanide are practically as 
good as those which have been obtained with the other materials. 
How 'ever, the writer is not ready to billy recommend calcium cyanide 
for fumiK'ating nursery stock until additional data have been obtained 
as to its effect both on the scale and on the plants. 

It is hoiied that others will jnirsue the w'ork with calcium cyanide 
It undoubtedly offers great iiossibilities and if additional experiments 
show that it can be successfully used for fumigating nursery stock the 
process will be greatly simplified. 


HOUSE FUMIGATION WITH CALCIUM CYANIDE* 

By RotiLK Smith, Kansas Agricultural Experiment Station 

A H ST R ACT 

This paptT rinhodiLs tlio results of IH fumigations with calcium f:yani<l(‘ fur hcjuse- 
hold insects, covc'ring a period of two years. After six more or k‘ss preliminary tests 
with dififercnl forms of the cyanide, various dosages, and methods of application, 
it was decided that two ])ounds of calcium cyanide granules, or "('> grade” to KXX) 
cubic feet of s])ace a])plicd by s]>reading thinly on dry papers in lightly closefl rooms, 
and left for Iwenly-four hours, should give satisfactory results. Temperatures and 
humidities were recorded. Usually some insects in vials clo.sed with one thickness 
of cheese cloth were used as checks. In only two fumigations out of the IH were the 
results unsatisfactory, and one of these is not regarded as being significant because 
of special conditions involved. Tarnishing of metals, di.scoloration of walls and 

‘Contribution .\o. 352 from the Entomological Laboratory, Kansas State Agri- 
cultural College. Acknowledgment is made to the American Cyanamid Company 
lor the cyanide used in about a third of the trials and for suggestions; Ut Mr. H, L. 
Oui, Prof. J, W. McColloch, Mr. C. B. Keck and Mr. liilmer Jones for their assistance 
with the fumigations, and to Prof. VV. L. I^atsliaw for suggestions regarding the 
chemical aspects of this work. 
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Spotting of bath room equipment occurred in four fumigations in various degrees 
In three cases it was probably due to an unfavorable secondary reaction resulting 
from an excess of moisture used; in the fourth it might have been due to the high 
humidity prevailing. An exact knowledge of the chemical reaction with water of 
the product is nqeded. It costs about one-third less to fumigate with calcium cyanide 
than with sodium cyanide; it is a simpler process, and less dangerous to the one 
doing the work. The odor in the houses lasting for from one to five days or more is 
objectionable. It is concluded that calcium cyanide is a i.>romismg substitute for 
sodium cyanide for house fumigation. 

Calcitim cyanide first became available at Manhattan, during the 
Spring of 1923. It was promptly planned to give it atrial in house 
fumigation. This paper is a summary of these tests to date. 

Sullivan (1924) has reported upon some house fumigations with this 
material for two species of fleas. He stated that “Calcium cyanide 
used at the rate of four ounces per 100 square feet will give practically 
100 per cent kill in closed buildings.” He also stated that eight ounces 
to 100 square feet would give the same result in open buildings. In one 
experiment he obtained apparently satisfactory results with one ounce 
of calcium cyanide flakes to 100 cubic feet of space on a first floor and 
basement of a modem dwelling. Two ounces of flakes to 100 cubic feet 
of space in a basement gave similar results in another test. 

The American Cyanamid Company, in its leaflets and through it' 
agents, has recommended one pound of “A” dust to 1000 cubic feet for 
eight hours, as stated by Hungerford (1925). 

The method used in the tests reported in this paper, with the excep- 
tion of the first two trials, is largely that used by Sullivan, but embody- 
ing in addition suggestions of Dr. Moore, given orally and in corre- 
spondence. The method was varied somewhat in the tests as indicated. 
In all cases, the buildings were prepared as for hydrocyanic acid gas 
fumigation, generated from sodium cyanide. Table I gives a summary 
of all the tests made in the period 1923 to November 1, 1925. 

Discussion of Individual Trials. The first experiment will be 
discussed rather fully because of the method followed and the interest- 
ing results obtained. The building, which was a comparatively new, 
well-built bungalow, had the basement severely infested with dog fleas. 
Since they had been carried to the rooms above, it was thought that a 
complete fumigation was necessary. Calcium cyanide was then new 
and, to the writer’s knowledge, no experiments with it in house fumiga- 
tion had been made. It was reasoned that sufficient moisture should 
be applied to set free the gas quickly so as tq surround the insects with 
a lethal dose in the first few minutes, as occurs in sodium cyanide fumi- 
gation. Moore (1924) states that the concentration of the gas to which 
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the insects are exposed is of more importance than the length of exi)osure, 
Since the gas evoh cs relatively slowly when the flakes are scattere<l on 
the floor or ground, it was decidcil to place the cyanide in pasteboard 
boxes, buckets or ])ans and then pour a small amount of water equal to 
about half the voliune of the flakes over them. All of these containers 
were tried. Precautions were taken to jirevent «laniagc to the floors. 

The insects in the check cages consisting of May beetles, ground 
beetles, and alfalfa insects, becau.se they hap]K-ned to be easily obtained, 
were all dead in three hours. 'I'he house was o|)ened after twenty hours 
and no live fleas were found then or later. Severe tarnishing, however, 
resulted. Tlie leather co\er of a thermos bottle in tlie dining room ap- 
peared as if it were covered with frost or mildew. The silver candle 
sticks, electric fan, chandeliers, and silverware were severely tarnished 
by a brownish or smoky dep(»sit. 'I he white enameled wood work in 
the bath room and kitchen, the white wainscoting, the l)ath tub and 
stool had large brownish or reddish blotches on them, ai)j)arently where 
water had at some time j)reviously been splaslu'd tni them, or where 
they had been wiped with a damj) rag. It appeared as if dirty water 
had been splaslicd on the woo<hvork and dried. It was thought that 
soap in the water is in sr^me way res])onsible for the blotches, for clean 
water leaves no residue when it e\ aj)orates. The walls of the bath roofn, 
which were painted blue. ha<l a very distinct reddish or pinkish tinge 
after the fiunigation, and the walls in the two front rooms, which were 
painted brown, had a marked reddish tinge. 

Soon after the start of the fumigation, the cyanale in the bucket in 
the dining room foamed up and ran fA'cr. The door was oj)ened slightly 
and an effort was made to drag the bucket out with a long i)ole. But as 
soon as the d(^or was opened, the gas fumes canu* out so strongly that a 
severe smarting of the eyes. was experienced. 

Moore (1024) states that "if sufheient water is used to wet the ma- 
terial, another reaction occurs in which thehydro(;yanic acid decomposes 
under alkaline conditions, with the formation of ammonia and other 
little known compounds, one of which is often referred to as azulmic 
acid.” This ammonia, then, in Dr. Moore’s judgment, caused the smart- 
ing of the eyes and the discoloration, instead of some impurity in the 
flakes, as the writer suggested. He stated further (1924) that ‘‘if the 
flakes are placed in buckets or jars and water poured over them, a solu- 
tion of calcium cyanide will be fonned which does not give off hydro- 
cyanic acid any more rapidly than a similar solution of sodium cyanide.” 
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It is well known that hydrocyanic acid gas is dissolved readily by water, 
forming prussic acid. 

Fortunately, all the deposits or discolorations wiped off easily, and 
after several weeks, the reddish tinge of the painted walls disappeared 
without any treatment. There was, however, as a result of the fimiiga- 
tion, a distinct odor in the house for several weeks, but the occupants 
apparently did not object to it, and it gradually disappeared. 

In house No. 2, only the basement was infested with dog fleas. Half 
of the basement was cemented and half was dirt floor. The eight pounds 
of calcium cyanide flakes were divided into three lots and placed in 
pasteboard boxes lined with paper and about a pint of water poured over 
each of them. Salt was sprinkled on the floor of the basement to drive 
the fleas up off the floor. The odor of gas was strong, and was detected 
as much as 100 feet on three sides by neighbors. After 28 hours, an 
examination revealed some live fleas, but in greatly reduced numbers. 
The owner then decided to close up the basement and leave it to fumigate 
longer. The writer objected strongly to this, since the owner was plan- 
ning to occupy an upstairs room. Nevertheless, he did it without injury 
to himself, and in a week reported the fleas all gone. No injuries to 
anything were observed or reported. 

Abo\it the time house No. 3 was fumigated, the writer was informed 
by Dr. Moore of the method used in Missouri, viz., of scattering the 
cyanide on lightly dampened newspapers. This house, v/hich was a 
veiy^ poorly built shack of three rooms, crowded with old furniture and 
clothing, was fumigated according to this method. After 24 hours, 
nothing alive was found and no damage was done. The idea of bringing 
about a rapid, evolution of gas was abandoned and greater reliance 
placed on longer exposure, a principle found to be effective by Saffro 
(1924). 

House No. 4 was much like No. 3; that is, poorly built and much 
crowded. The granular form of the cyanide was used here for the first 
time and was spread on papers as before. The fimiigation was a com- 
plete success. The linoleum in the kitchen was stained slightly under 
the cyanide, the discoloration suggesting scorching. Since the owner 
did not have sufficient newspapers to spread on the floor, the spot was 
not a surprise. It has since been found that a half dozen thicknesses of 
newspaper over linoleum are none too many. Slight tarnishing after- 
wards was observed on the typewriter and an alarm clock, but they were 
so slight that the owner did not even see them. The fumigation was 
entirely successful. 
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House No, 5 was a very larye ol<i nxuniiij; house, junuly built atul full 
of old furuiture. 'I'he oeeuj)ants eould not leave for more thau ei^ht 
hours, so the tune r)f exi)osure was sliorler than in j>re\ ious tumii^at ions. 
The eyaTiide was i)laeed on shehily il,iin]u;ne\l pa]»ers 

The fumigation was aj)j>arenlly sueeess!ul. siiu e no rei>orts ot luither 
infestation were e\er ma»le No tarnisliiny was observed or ri'ported. 
Since one ])eetle in a c'he('k eaj^c* revived, it was llioipi^ht (hat the results 
were not successful. Hut since tlic owium*. who is the janitor of a college 
building and is seen daily, nev er rcjKU tcil lindin^ Ini^s subsetjuently, the 
results were apparently satisfactory. 

House Xo. () was a well-built, nniodeled ol<l house only occupie<i 
about two weeks by a newly married eoui^lo. ('iranulcs were used in 
this fuitiii^ation. 1 hey wtTc s('attcri*<l vary thinly and uniformly on 
slightly ilamjjened j)aj)ers i^art icular prc<'aution was taken with che<’ks. 
As in the j)revious fumigations, whateva*r insects could be had (piickly 
or conveniently were used In thiscasiy the in.sects obtained from alfalfa 
sweepings and about a dozen boxes containing silk worms were used. 
Thev were ])laced in different ])lacc‘S in the house*; in the bed, under 
covers, under carpets, in a trunk, in a buri*au drawer, al)ove the 
door, and in a closet. As a result of this ftunigation, all tlu* <'he('k insects 
were dead, ft api)eared that they had lK*en kille<l (jviickly and suddenly. 
Some apt^eared to have been killed while eating Nh) further infestation 
was ever rej)orted. '1 here was some discoloration in the building, but 
it was not seriotis, and very likely if attention had not been called to it, 
it w'ould not have been o]>served by the oeeuj)ants. ’^Dte (liscoloration 
pertained to the wliite, newly j)ainted, woodwork similar to that of 
house No. 1 . It was less extensive and ('ame off with Sunbright cleaner. 
The silv’crware, alarm clock, the nickelj)lating the sewing machine, 
and some cfioking utensils were slightly darkene<l or tarnished. In an 
attic above the kitchen which was also fumigated, the owner jiul too 
much water on the pajier and as a result caused a brovvai spot about a 
foot square* in the ceiling below. "I'hese discolorations, except the ceil- 
ing spot, were not serious and the fumigation was considered as a com- 
plete success. 

House No. 7 was a poorly built but not very old Imngalow. Ants of 
the species Lasius (Acanthomops) interjectus^ had entered the basement 
through cracks in the cement floor and had carried in several bushels of 
soil. I'his soil was scooped from over the cracks, about a pint of the 
granules scattered over them and then covered with the soil. 


*These ants were determined by M. R. Smith. 
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The ants were apparently destroyed, since no ac ti’/ity was observed 
or reported later. No discoloration or similar dajnajji; was df.ne. 

In houses No. 17 and IN, particular attention was i^ivcn to t‘‘ie checks 
In both cases. Y-ials of the oriendinj.^ insects, ckssed with orw thiclaiess of 
cheese-cloth, w'ere placed in different rooms, in beds, or \ariously se- 
creted. Other \ ials were left outside of the hoiist* to see if caiy insects 
died because* of the conlinement. In No. 17, the amount -f materials 
and method of ai)])li(a'ition was waried. One juumd (sf ('aieinin cyanide 
flakes to 1 ()()() cubic feet, s])read on dam])cned |)a])(*rs. w .,. used on the 
first floor; two |.)ounds to 1000 culdc feet. s|‘)read on dry puju rs. was used 
upstairs and in the basement. In both houses, the insecis in ihe vials 
in the rooms were all dead at the end of the fiimij.^aation, while those in 
the vials outside were all ali\ e. Both fumi^aitions were entirely success- 
ful and no dis('olorations were seen or rc}.)ort(‘d. 

d'ests numbers 8 to 16 inclusive can lie discussed toyclher, for the 
same method W'as followed in all. From tlie earlier fumigations, and 
because of the cyanide content of the jirodiua, it vvas deciiU’d “that in 
the usual house fumigation, two ])ounds of cahaum cyanide to a thou- 
sand cubic feet of space and left for 24 hours shotild hie ample. 4'he 
granular form, or G grade, was selected for further tests, liecause the 
smaller particles, theoretically at least, shouhl gi\’e off the gas more 
rapidly than the flakes. The “A” dust was not yet availalde at Man- 
hattan, and the granular form was the finest grade obtainable, except 
the dust mixtures. It was decided to spread them thinly on dry news- 
jiape.rs, unless the humidity was exceptionally low. Then a very light 
sprinkling of the papers before spreading the granules would be resorted 
to, \yhich was done only on the pondi of No. 10. 

In the second series, only numbers 11 and IN wcav' unsatisfactory. 
The owner said that house No. 1 1 was infested with cloth, cs moths, hmt 
it was learned several months after the funiigatic.n that the moths seen 
were Angoumois grain moths. They were breeding in a jar of old pop- 
corn which had been forgotten. Probahily there wwre some clothes moths 
present at or before the fumigation, for injuries were seen, Imt if the> 
were there at the time of the fumigation, all succumlied, for no new 
injuries were observ^ed afterwards. Some dead angoumois grain moths 
were found after the fumigation, but the owner reported seeing many 
live ones about three weeks later. The fumigation was done on a hot, 
sultry day. There is indicated here, as well as in other fumigations, 
th^t there may at times be sufficient moisture in the air to cause tarnish- 
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ing and Sl)ottiny^ for no moistnro \v:is*iiscd on the papers in this fiuni- 
gation. 

This house was a^ain UimiKated in the same manner, Jan. 15. H)2(). 
This was a wann, winter day, and a j^ood fire had ])re\'i()uslv l)e<!m made 
in the furnace to laise tlie lemj)eraturi.‘ to <0^ or Iiij. 5 lK*r. I'he liumidity 
was about ^5 I )er cent. The fumi^^ation was continued for 27 hours. 
Only a small j)er cent of the An^oumois adults were killed. No tarnishinj; 
or spottinjj^ of any kintl was oh.serxa'd as a rc'sult ot the fumigation. 
Adults cmerj.^od from the popcorn after the fumi).;ation. so it appears 
that this material is iinsucccs.sful for An^’oumois j^^rain moths. It is 
known, however, that this moth is very re.sistant to IIC^. thou^,di this 
method of cxtenmnjUin^.; tlicm is usually j^iven in bulletins. 

The blotr hes on the white woodwork and ])ath tub following thecarlier 
fumigation again strongly suggested a (S)nne('tion with soapy water. 

The Amerii'an ( yanamid ('ompany states that ('alciitm cyanide 
granules contain not less tlian 1(1 i>er cent nor more than 50 per cent cal- 
cium cyanide. It seems highly j)robable that the remaining 50 or 00 per 
cent of the product ('onsists largdy of uncon\a‘rted ('aC'n... or calcium 
cyanamid aiid some ('alcinm hydroxide. 'I he following reactions are 
given in the Amerj('aTi (Aananhd Company’s leaflets (1. p. i) 1). 

(a) CaCn. + .l n,()-Ca (() IC>-hC() (N If,). 

(b) Ca ((\\),d 2 H,0-(’a (O 2 II ('n. 

“When cak'iujn cyanide is .acted upon. !)>■ moisture, urea is fonned, 
whereas when cah imn ('y.'inid(^ is acted upon l;y almosj)heric water 
vapor, hydrocyanic acid is given off,” 'riic ammonium comj)ound 
CO (N H 2 )> o1 (a) is a wasak base which might be dissociated by Ca 
(O H)l>. a strong base, wnlh dry ammonia gas resulting. 'I'his might 
react with certain ])aint pigments and dyt's and might explain the dis- 
colorations obt.ained in lumigation No. I. and in some others where 
there W'as a high hinniditw It is e\ ident by comparing the above re- 
actions that more waiter is reijuired for fa) than for (b). 

The odor W'hic h follows fumigations with calcium cyanide is perhaps 
explainable for the rea.son that certain materials aljout rooms might 
absorb the ammonia gas and jierhajjs other gases evolved until a high 
concentration is reached. Upon airing out the house, the.se absorbed 
products would be given off until equilibrium, or, in this case, normal 
conditions are attained. But the final explanation dej^mds on an exact 
knowledge of the chemical composition of calcium cyanide and its 
chemical behavior under fumigating conditions. 

A part of the tea room. No. 13, was refumigated when it was found 
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that there were still present live cockroaches after the first fumigation. 
Only the kitchen and store-room (7752 cu. ft.) were refumigated. A 
very heavy charge of 25 pounds was used. As before, a great many dead 
roaches were found, but apparently many were not reached, since live 
ones were seen several days later. A reinfestation after the first fumi- 
gation from buildings, including a restaurant near by, is a possibility. 
There was no basement under .the building, and the live cockroaches, 
after the furnigations, may have come from under the building. We are 
not inclined to regard this trial as a significant failure, for there was a 
very heavy kill of roaches at each fumigation, and also one rat in each 
case. It was a special condition which possibly was not fully met. The 
tea room had been fumigated a year previous with sodium cyanide, so 
that the reinfestation strongly indicates migrations from near-by build- 
ings. One or more dead mice were found after ])erhaps a third of these 
fumigations. They were usually in plain view in the rooms and not in 
their usual hiding places. 

GENr:RAL Summary and Conclusions. There arc only two unsatis- 
factory trials in the eighteen, one of these, No. 13, not being regarded 
as significant. Therefore, calcium cyanide may be said to be a promis- 
ing substitute for sodium cyanide for house fumigation. Two pounds 
to 1000 cubic feet of space in the average, fairly well-built residence, in 
general, proved satisfactory. The minimum dose is, of course, somewhat 
less than this amount, but it is thought that it is advisable to use an 
excess to meet the variety of conditions under which it would be certain 
to be used. The twenty-four hour period for the fiunigation is longer 
als .0 than necessary, at least in most cases, but the longer period was used 
to insure satisfactory results. All the tarnishing and spotting, except 
in No. 11, may have been due to the use of moisture, and thus in later 
fumigations no water was used and a longer period of exposure was urged 
ujion the tenants. There is no clear evidence that changes in tempera- 
ture and humidity occurring during these fumigations influenced the 
re.sults. There is a suggestion that spotting may be more severe at high 
humidities than at low ones. 

The advantages of the substitution of calcium cyanide for ^diiun 
cyanide in house fumigation are: 

1. It is easy to use. The handling of the sulphuric acid, which is 
the most disagreeable part of sodiiun cyanide fumigation, is eliminated. 
This method requires few instructions and little or no skill to carry it 
out. Injury by the acid to floors, carpets and clothing is eliminated. 

2, The danger in using the gas is reduced. The gas evolves more 
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slowly than with sodium cyanide, allowing the operator plenty of time 
to get out from difficult places. The odor of the gas or gases involved 
might ser\^e as a warning to persons about to enter a house in the process 
of fumigation. 

3. It is cheaper to fumigate a house with calcium cyanide at the rate 
of two pounds to 1000 cubic feet than with sodium cyanide at the rate 
of one pound to 1000 cubic feet. It requires no ecjuijnnent other than a 
good supply of newspapers, or wrapping pa])ers, a paper sack for each 
room, and a scales for weighing the cyanide. 

The retail prices per pound at Manhattan for calcium cyanide flakes 
and for the G grade, or granules, in five-pound cans is forty-five cents; 
in 25-pound cans it is thirty cents.* Sodiimi cyanide sells for seventy- 
five cents a pound in a one-pound package, and sixty cents a pound in 
five-pound containers. Commercial sulphuric acid is thirty cents per 
pint, or fifty cents a quart, where containers are furnished. Calculating 
labor at fifty cents an hour and using calcium cyanide at two pounds to 
1000 cu. fl., and sodium cyanide at one pound, one and one-half pints 
sulphuric acid t<.) 1000 cu. ft. (or 1000 cu. ft. in basements), a comparison 
of costs in fumigating several of the houses listed with the two formulae 
is shown in Tal)le II. The labor cost in the calciiun cyanide fumigations 
is in all cases the exact amount paid for these fimiigations. The labor 
cost in the sodium cyanide fumigations is an estimate based on an 
average of fifteen minutes of time necessary to accomplish all the opera- 
tions for each room fumigated. 


Table IF. ('()Mp.\r.\tivI': Cost.s of Fr,Mi<;.\TiN<i Ckktain FFou.sks \mih Calciuii 
C vANIDIC AND WITH SoDIUM CVANIDE 


House 

number La1x)r 

8 ll.riO IZ.-OO 

8 2.00 l.^).00 

II 1.00 4.50 

16 2.00 y.cxj 


Total 

SO.OO 11.2.5 $(k(H) 

17.0<J 2.2.5 10.80 

.5.r>0 1. 00 .'J.r*o 

11. (Mi 1.25 8.40 


Acid 

Crock 

rentals 

ToUl 

f.l..'l8 

150 each 
$1.«.5 

812.28 

8.07 

l.tt.5 

23.07 

2.2.5 

.W) 

7.75 

.5.25 

1.60 

10.40 


Actual cost of fumigating with 
calcium cv.-inide 

Materials 


Estimated cost of fumigating with sodium cyanide 
Labor Cyaniile 


The difference in cost is chiefly due to the saving in eliminating the 
acid, which involves, in addition to its own cost in nearly every house 
fumigation, a rental of crocks to contain the mixture. The local rate 
for rental is twenty per cent of the value of the crocks. In addition to 
this charge, about one in every twelve crocks used will be broken and will 
have to be paid for by the one renting the crocks. Breakage was not 
included in these estimates. 

•The retail price quoted by the company is thirty-four cents a pound in 2.5-pound 
cant, and in 5-ix)und cans it is fifty cents a pound. 
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The following objectionable features were observed: 

1. Discolorations and tarnishing of leather goods, nickel and silver- 
plated objects and of white woodwork may occur. In houses Nos. i; 
and 11, no satisfactory explanation of this can be made. These dis- 
colorations, while not serious, are objectionable. We need to know more 
about the cliemical composition of calcium cyanide and its reactions 
before a final explanation can be given. 

2. There is a discemible odor in the house for a day to as much as a 
W’eel: or more. No one has reported this as seriously objectionable, but 
it v;ill likely i)rove to be objectionable to some. Airing out the house 
does not eliminate tlie odor. It disappears gradually with or without 
airing. Since this odor does not follow sodium cyanide fumigation, 
there must be some impurity, or chemical reaction responsible for it. 
Perhaps the odor w'ill be explained when the tarnishing and spotting i.s 
understood . 

SuooESTED Precautions in Using Calcium Cyanides 
FOR House Fumigations 

1. It should be weighed out doors to lessen the danger from the gas. 
One should work rai)idly, for gas is given off then, as indicated by the 
slight change in color. 

2. The material should be scattered very ihinly on the papers. If 
piled up, the covered portion does not give off all or any of its gas. 

3. There was some indication that granules are better than flakes 
for house fumigation, that small particles give up a larger percentage of 
their gas in a given length of time than larger ones. When the flakes 
were removed at the end of the fumigating from houses numbers 5 and 
17, some of the flalces appeared wholly unchanged. 

4. Place plenty of newspapers on the floor. The cyanide may stain 
the floor and csi)C(‘ially linoleum through one or two thicknesses of 
paper. 

5. Until its action and use are l)et(er understood, the dampening of 
vhc papers ])efore .sprinkling the cyanide on them should be oinilted. 
It appears to he unnecessary generally, and causes an increase in dis- 
coloring. 

6. Especial attention should be given to airing out rooms betore 
entering. vSometimes the gas i)ersists in clo.sets and l>asements. 
electric fan was found useful to facilitate this part of the work. 
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S. N. UOKE, L.M. 6c s. 
{Bi)tnhay Hicitnoloijiail Lubaralory), 


[Koceivod for |)ul)ltCAtioii, Juno 4. J 


In f uiiiigatioii oporatious carriei.1 *>iit with liv'drocyiiiuc acid gas, tliis gas has 
been produced by the action of strong .sulphuric acid on either potassiuin or 
sodium cyanide. 

A method of generating hydrocyanic acul gas is hy meaiLs of calcium cyanide, 
which has the property of evolving tlu* gas on mere exposuiai to air and the water 
vapour normally contaiiu*d iu it. The itse of corrosive liipiid and tlie inconven- 
ience of generating the gas are obviated ; furtlicr the residue left after the calcium 
cyanide has been fully e.vposed is .said to be ordinary slaked lime. 

Ihe calcium cyanide used was m tine pow'der form and smelt strongly of 
hydrocyanic acid. 

As a result of experimental work carried out .since 1915 at the Bombay 
Bacteriological Lalioratory in coimectioii with liy.lrocyanic acid gas fumigation, 
it had been ascertained tliat the lethal eihret of this gas depemls U]»on two factors, 
VIZ., tlie concentration of gas and the period of exposure. It was foiiml tliat a 
concentration of 50 parts of hydrocyanic acid gas per 100.(M)0 of air and half an 
hour’s exposure sutUced to kill rats, (leas ami bugs. It is interesting to note that 
mo8quitoe.s arc very .susceptible to this gas and a concentration of about (i parts 
per 1(W,(X)0 and a period of exposure of a few ininut<*.s kills them. 

The following are the details of the experiments carried out with the calcium 

cyanide. 


Experime.n't I. 

institute<l to determine the conijiarative concentration 
Ot HCX immediately over the surface of unused and used calcium cyanide and 
of sodium cyanide. 

^ For this purpose one ounce of each of the respective materials was placed 
in a six-ounce wide-inouth bottle and five litres of air drawn past a point just 
above the surface of the material. The air was pas.sed tliruugh a solution ot caustic 

( 287 ) 
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soda which retained the hydrocyanic acid gas in the form of sodium cyanide 
The solution was titrated with a standard silver nitrate solution and the ronceTi- 
tration of hydrocyanic acid gas determined. The results obtained are shown in 
the following table : — 

Taiu.e 1. 


Material. 

Parts of HCN per 

100, non ot air. 

Unused calcium cyanide 

340 

Used ciileiiim cyanide 

t 

Sodium cyanide 

A 


This experiment shows that when calcium cvanide is exposed to air, IK'N 
is rapidly given off and that after exposure very little gas is given off. 

Experiment 11. 

This experiment was j)erformed to determim* the i‘ffect of calcium cyaiude 
when sprinkled on surfaces c.ontainiiig ins(;ets — the insect stdected in this expt'ri- 
ment being the bug. 

Twenty bugs were placed in a tray and soim^ calcium cyanide was sprinkled 
on them. The immediate ethict was that a fc-w bugs ceas(*d to move while otliers 
moved away towards tin; sides of tlie tray. However, after an Viour all buffs 
except three were found to be lively, while the three motionless bugs were foiiiid 
to bo still alive after four hours. Tliese twenty bugs wer«* selected ones, i.e., out 
of a number of bugs, those that were (pute active wtue taken for this ex])erinu‘!it. 

A similar experiment was <lone with a mass of bugs. In this mass sevtaid 
bugs were observed moving. This mass was ])ut in a tray and some calciiiin 
cyanide sprinkled on them. Except a few bugs, whieli did not r(‘vive even on 
the next day, all moved away towards tlie sides of the tray. 

Experiment III. 

To determine the effect of sprinkling calcium cyanide in an eight oumu' beaker 
covered with fima copper wire gauze and containing fleas. 

About 20 fleas were used in this ex|ierinient and about half a gramme (d 
calcium cyanide used. At the oivd of six hours most of tne fleas were found to 
be active. 

Experiment IV. 

In a pit 00 inches in diameter and 42 inche.s deep containing rat fleas, two 
guinea-])igs were allowed to run about for about 15 minutes. The guinea-pigs 
were taken out of the pit ami about 200 fleas were picked off their fur. These 
fleas were luit back in the pit and 2 ounces of calcium cyanide was sprinkled in the 
pit, which was then closed up with a wooden cover. 
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Tht‘ in*.\t Mioriiiui^ tin* t*ovt*r w.is iiMiKivtsl. aiul twd ^uiacii-pi^s allowed to 
ruft about in tUf pit. lor half ati hour. On taking a count o{ the fh*)is it wa.H found, 
that one guine.A-pig showed 11 Ileus wlnle the either Id fleas alive. 

In another similar e.xperiment ikS (leas w.‘re put in and next ini>rning 10 fleas 
Were removeil alive. 

Experiim'iits 2 to 1 go to show that the sprinkling process is not eflectivo in 
killing bugs and fleas. 

Kxpkkimk.x r V. 

As it IS likely that sulUcient concentration f<ir a suflicieiit period was not 
obtained in li.xperiinents J1 to 1. this exp(‘riinent was con«luc.ted in the fumigation 
chamber. riiis is a glass c.ist* with a c;ip.u itv of 200 c. ft. It is fitteil up so as 
to render it possible to take tlie concentration of the gas insi<le the chamber and 
to introduce and remove experimental rodents and insects, while the chandler 
is clwirged with hy<lro(ryanic ae.i<| ga.s. 

One ounce of the c.ileium l yanide was thinly spread on a sheet of paper placed 
in the middle of the floor of this <-,hainlier. Two p<»intH were seleete<l for drawing 
samples of the chamber air. I’oint A was just ah»»ve the c.aleium cyaniile and 
point B was three feet away and above the powder. Hats and fleas were jmt 
in a small compartment in coimcct.iou with <.-hainbcr air. Tiiis compartment was 
close to point B, The details of this <*xperimcnt arc given in 'raliie, II. 

Taiilk II. 


Om ouhCr nf nih iiHH t tfutndf ivas intnxburd mto ihr chtindur nt Itl n.w. 


Time n will*') 

ntari<‘<l. 

I'ciied npj.icxiti.Hic 
m IkCIIs tllC 

<liiit was |iMt lit 
•Iw fliaii.lMr. 

Palis .1 IK N 
pn lOO.INHI 
|.,(l 1 S <>! 1 In- l.ll 

III 1 III' « ll.'l Ml l.<'l 

at |.<.ii>l It. 

KKMAItKS, 

11 - 0 a.in. 

1 111. 

•J'i 


n-37 u.rn 

\ \ III 

:i7 

i:.n iiilKuliHi-il ; n sijcrimilxsl in 18 

miniili-s. 

1 - 33 p ie 

2- 33 p.m. 

:i,[ hrs, 

tA lirs. 

.•’.li 

1 : 

1 

Ilal iiiii'Kliicc'd ; it clicrl niter 30 rriinuton 

••xpwsMic. 

3-40 p.m. j 

,V^ l.f . 

1 1 


8-45 p ni- 1 

[ L’l hi;*. 

1 

1 17 

Hat iiilrmluri'd ; it renhod br«'ttfhii»K 
allf-r 20 minnit-n «‘X|>MHuro. 


1 

27} lira. 

1 



21 hm. 

! H 



■tH hn*. 

1 

1 
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From this experiment it will be seen that 

(1) half ounce of calcium cyanide per 100 c. ft. of a fairly air-tight space 

gave a concentration of about 35 parts per 100,000, which lasted for 
about four hours. This concentration was attained in about two 
hours time after introducing the dust into the chamber ; 

(2) rats exposed to a concentration varying from 37 to 3‘2 died within 

an hour ; and 

(3) in 21 hours the concentration fell by onc-tliird 

Experiment VL 


This experiment was .similar to Experiment V. Instead of 1 ounce, 2 ounces 
of calcium cyanide were used The results are given in Table III. Experiment 
started 10-25 a.m. 


Tauce III. 

Time at which 
teat waa | 

atarted. 

IViiod 

I’arta of IlCN per 
HK),000 of air 

H F..MAHK.S. 

10-i)5 a.m. 

I hi- 

4 2 

Pat died in 7 minutes. 

11-25 a.m 

1 hr. 


Rat (lied in 5 niinntes, 

12-25 p.m. 

2 hra. 

<'.2 

Rat ,t!;aspiiej' in C ininnte.s ; reinove'l 
to irewii air, but did not revive. 

1-25 p.m. 

3 lira. 


Fleas ex]) 0 'ied in a test tube covenvl 
with e()]iper wire ;;an/,e. All Hens 
motionless in .5 minutes. Re- 
moved into fresh air after IS 
minutes e.xposnre. Xone of these 
fleas r('viv('d. 

2-25 p.m. 

4 hra. 

.5.5 

Fleas exposed lor 15 niinntes, iMd 
not revive on removal. 

3-25 p.m. 

5 hra. 

43 


4-25 p.m. 

6 hra. 

35 



23 bra. 

25 



27 hra. 

18 



This experiment shows that when the concentration was somewhere near 
50 parts- per 100,000^ a lew minutes exposure sufficed to kill rats and fleas. 
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Kxpkhimknt VII 


This 


cxpennirnt M.mlar to ilu* j.ivvious onr ,-x,v|.t tiuil .mw ourw .* of 
Mlcium cyarii(l<‘ was us,mI an. I tl>at. ostiinalions \\, iv takon fi..tii |>..mts I an.l li 
referred to in KxiwTi.noMt V. K^sult. .d tlo* a,v .^mnoh in Tal.la IV. 


T\ni (. I\ 


Otlf (nnit'f Oj 

f (‘nlrtinn cifiun 

A /tvi.s 

niftoilm t fl 

into fhr (IhiihIhi (i( 1 1 

Time At wlucli 

tONt WrtH 

j P.iiol 

I’.l 1 1 s (.1 11 < '\ pi‘| 

IlMI.IMMI .,t pAmt 


Htni Ir.l 



1 V 1. M \ r. s 




^ A 

n 


U-|o 


J'.Xl 


1 

11-27 .rni. 

27 minx 




;..n. 

j iC. iiiin>. 

t(.0 



ll-t:. ,rm 

1 

j • mins 




12 - o n.i.iM 

1 l.r 

I 

1 . 


12-20 |) i.> 

1 III Jo nims 

j • 


ItiO ml I ikIii.'i (I ; i MiiM j Int'.ithini; ill 

1 1 hr 

I-IO p.tn. 

i 2 Ins, 

j 

1 '. 


2-1 :i p .a 

p. in. 

' .3 his. 

' - .. 

-.1 




1 


lob.’. M-.irnnh-.x m 13 mimin*s. 





lO nmvr.l ;il 3 p ,.\h t|„,y 

• .mi.-l in.nm;' fh. y u. K* put hack 

2-30 p ,n 


10 


i«t-';iin (<’<</.• linfhri) 

2-37 ,,,n. 

i hi.. 


I.-. 

l.iO pul in . ( ('.(SMi] hi ' .'It hin;.' in 2 (V 


j 



iiliinilcs 

2-40 pan. 




M.is-piiiiH'. intiM.ln<<-| III « g,in/.(, 





««>\M.(| t.O fnbr. All ilifil at 

2-30 p n,. 


i 

i 

X.K I...OI 

3 |, in. 

3- 0 p Ml. 

1 4 his 

1 

• i.ia.T n* j 

1 

^■|<•lls thiif VI. I., put III lit J-1'2 p.ni. 




! 

n.TM r.‘ iiilt.,.|n..‘<l info (hr 

Next rln\. 3 2 102'. 



i 

ihiiinU-r ami nllnu.-il (n rfinain 
IIktc .i\<'rni«/h». 

0^3 am 

j 22 Ills. 

2 .', 

. . 1 


0-37 <T in. 



2 .-. 

I'nivs put m „( ip .37 „ 

loi'ii'l a'ivM n« x» ilftv 

lO-l.*) a.m. 


' 

20 


10-40 n.tn. 




Itir.'M pnt in a wi.h- ftif.uth nprii l.olilp 

1 

i 


i 

! 


nii.l iiili...liM. (1 int.. (IiiimiIxt. Rp. 
ninvoj nf II - 13. At 12 <) fliry 
wiT«- uhsi iM-O nmvinc ahont. 


3-.W 
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Tabi.e [y~contil. 


Time at which 
test was 
started. 

Period. 

Parts of HCN per 
IW.OOO at point 

A I /{ 

Uk;4arks. 

10-50 a.m. 



2! 

Uat f)nl in lowest roniparlnifiit ; 

uneonHcioiia at 11-13. Removed 
fit 11-50 when it was gasping. Re- 
coven'll .on [mtting in fresli air. 

11-15 a.m. 

11-45 a.m. 

21 lus. 

23 

.... 

Rat put in \ij>])er eotripartinciit : le- 
niuved dc.ul at 4-30 ji.tn. 

3- 0 p.ra. 

28 ins 

17 

.... 


Third day, 4-2-1925 





9-45 a.m. 


4 



10- 0 a.m. 

47 Ins. 

1 

9 


Ry means of a lone glass rod t!io 
powder in the clnvrnher was raljoH 
and concentration taken. 


Experiment VTTI. 

This experiment was (Jesigned to imitate rat burrows. 

An L'sbaped channel was dug in the ground with arm AB 4 feet long and 
the arm CB 6 feet. The channel was 0 inches wide and about 6 inches deep; 
its sides were sloping so that its floor was about 3 inches broad. The top of the 
channel was covered with plate-glass and the channel made as air-tight as 
was possible by closing up crevices and openings with dry earth. On one side 
of the vertical arm a pit was dug and a cage with a rat so buried in it that oiu' side 
of the channel was formed by the side of the cage. Thus the cage was in communi- 
cation with the channel. By such an arrangement the rat in the cage and t!ie 
rats that were subsequently introduced into the channel through C could be 
observed. 


A 



fio. L 
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One ounce of calcium cyaiutle was «|>rinkle<l in the cbannel for about a foot 
length commencing at A. The resulu of this experiment are given in Table V. 

Tahlk V. 


ICj'jK rnti* nt sinrti'd 3-5 p.m. 


TiniC at 

! 

l‘oiut al which 

('oileeltl IRtioil 


w hich tcHl 

! IViiOil. 

toncciitnitioii 

ol IlC.N III pAlt.s 

Kkmauks. 

was starUxl. 


was taken. 

pel Itta.CHHt. 

3-20 iMu. 

1 15 iiiiiis. 

A b o V n t h t* 
powilcr. 

-*‘»0 

At 3 .5 nit was let in Irotn C’ enct It 
r ill up to A end, eanio baek to li, 
mid died in 3 minutoH. 

3-30 p m 

'J5 niiiiH. 

Near (; 



3-4S pm. 

15 niiiiH. 

Near Ji 

-Itl 


4-30 p III 

1^ III 


Hi 

At ,{ 17 ml 111 tile cajfe wii.% sissn ahve. 
Alive iiIho next day at 10 it.ni. 

4-40 p.in 


.Mnuvay between 
A ami li 

t,> 


4-.''>0 p in 

1^ III 

^ At A cu.l 

.'{S5 

At .3 20 tliiitl mt iiiliodiieed llirotigli 
C end. Jt run up lo A eii'l, 
leliirned lo C\ fiin] died in about 

5 ininuteH. 

9-45 a.ni, 

i 

ISl llM. 

! eii.l 

j A ciiil 

(i 

7»1 

Uat iiitiodueed »t 9 55 lliroii^li C 
end. it riiii up to A enci iind baek 
to (2. ,\t It) |o It lan up 11^11111 to 

A end where, in uUnil 11 niinufe. It 

10- 0 11.111. i 


1 .Ancle 

t> 

WiiH llalleiied. It wiin not able 
• o run liiiek, 

10- 9 n.iii. ; 




Qumder outioe ol eahiniii eyiiiiule 
iipnnklefl opponile the eiijjie. 

IO-3o H ill. 

I'.'i lll^. 

1 1 r. t he ( 

1 

■ 

J'.at in the en^^e died at Id 40 „,|||. 
riiiM vny>' wiiH rriiinved und nnotber 
with a live rat jiliiccd. Kiit did 
not die. 

10-48 li.ni. 




.A lilt iiitrodiiecd tliiuiigli Hu* A eiul ; 
uneonucioiiH in 2 ininuleH. 

10-50 a.m. j 

1 


-At the (lu>*te(| ; 

HJIflt 



1-45 p.ni. 1 

1 

22 Ins. 

At the clustcd 1 
«pot 1 

lo 



From the resulta of tliis experiment it appeara that there is little diffusion 
of hydrocyanic acid gas, i.e., then; is liigli crmcentration at the spot where the 
calcium cyanide has been sprinkled, but then; is little of the gas in the fwrtion 
of the channel only one foot away from it. The rat in the «;age was found 
alive at the end of 19 hours notwithstanding that it was in air which was in 
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direct commimicalion with air showing a coiun-utiation high as 385 parts of 
hydrocyanic acid gas per 100,000 ot a it. 

I^XPKRIMENT IX. 

This cxpcriinent was similar to the previous one hut on a large scale, and 
with a device to blow fresh air into the elninnel wdh a view to mi.x the contahied 
air. The channel was in the lorm ot two Ij’s joined together as shown in 
figure 2. Three cages with one rat in <Meh were fixed up ii\ three parts of the 
channel. 


A 



From A end air was piunped in occasionally. The details are given in 

Table VI. 


Table VI. 


ExjH'rimerit iitarlcd ot 11-10 a.m. 


Time at which 
test was 
started. 

Peiiod. 

Point at whicii ( 'oiicciit ration 

concentration o! IICN' in part.s 

\va.s taken. 1 per 100,000. 

Rem.\rks. 

11-10 a.m. 


j 

One ounce of ciilciuin cyaiiitl'* 
hprinkled on 2' cliannel marked i 
at end A. From A end air punipt'd 
in for about 2 minutc.s. 

11-13 a.m. 


i 

Rat lot in from E, it ran up to B only 
and was alive till 2-25 p.m. 

11-20 a.m. 


j • 

i 

Rat in cape 1, Been unconscious but 
still breathiug ; it ceasr'd breathing 
in about 2 minutes more. 

11-2.5 a.m. 


.... i .... 

! 

i 

R.at let in through E end ; it mu 
np to B only and was alive till 
2-25 p.m. .From A end air pumpid 
in again for about two minute,^. 

11-40 a.m. 

ihr. 

A j 384 
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I'ahlk VI i'iiuid. 


Tiiuc at hu 1) 
test HUS 
btai tr<i. 

l‘i Hull 

Point at w liK h 
• -‘M, , ntiatiui, 

W .is til kail 

j t'oiK < lltl.ltlOII 

Ht'N in paith 
pi-i- llMl.lHIO 

Kkiuuks 

U-:»0 a 111 , 

O' itiiii" 


.1 

.«70 


12- 0 noon, 



A 

.il'.O 

1 

Aiictili I lilt luit III iliiini}:li K ; it ran 
up to A iin<l liiu k to K, ran up 
a-. on to A liluMi- It till i»nil ilioti in 
3 iiiiiiuti'H. 

12-20 ji.ni, 1 



It 

! t» 


l-:Wi.,in 

■ 


it 



1-40 iMU 

■-'i In- 


A 

:n.. 

t 

2-10 V I" 


Opp 

to 

aiul i 
av«- 1 



2-2Ai.n. i 





<>n<> otiiKT i»f call inin ('yaniiic liiniri' 
l)iiliil 111 atioiit oqual portiona rm 
spot.H iiitirkinl it an<l lit in the 

lii'iiic. 

2-40 p in 

:i' t,,- 




P.jitM pill in lit 11 13 a.m. and 
II 2.7 a in wliii li vicre aittinK 
i|iiirtty at li, die ). 

2-4'» p.m 


Opp 

C.IL'V 3 

10 


2-;i4 p in 





Tlin'i' rata intro liii’i*>| through B\ 
lit tlicHi' two ran ilown to 0 lUid 
iIm'iI III alioui U miniitcH. The thinl 
rat reniitined at It and died at 
3 3(t I'.in. ; dining thia jwTiod it did 
lint rbaiigo ita jiosition very inucli. 

2-.'S6 p,ni. 

1 

Opp. 

c.'iP' 3 

Ki 


3-1') p,tit 



At til 

US 


3-11 p Ttl, 

i 

Opp. 

. au’i- 2 



3-30 ]).ni, I 

1 Ins. i 


1 

'' ^ 


4- 0 p.tn, ' 

! 


1 


.An |iunifa'd in ogain through 0. 

4-30 p in i 

1 

Iirs. 1 

1 




Kat in rage 3 Klill alive. 

28-2-102', 



i 



> 1 

0-56 a. III. j 

3 hif i 

1 



12 


10- 0 a. m. 1 



Hi 1 

IH 


10- 7 ft.ni. I 

1 

1 

i 


’’ 1 

1 

74 

1 

All rats rxi ejit that in rage 3 rrutoved 
dead when the chanrnd wim ojienrd 
lip and the iftKeit dug out. 


This experiment demonstrated that the attempt co circulate air in the channel 
fPQCCeeded partiady in diffusing the gas, e.g., the rat in cage 1 in Kxj>erinrienl VIII 
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was hot killtMl tlh)\igh the jj^as was ])n‘sent in high coiicentrutit)!! just beyond the 
i-aiie. But tlie rat in tlie saine |)osition in this fxperinieiit was ki!l»sl and tl\is was 
due to pumping in air to dilfuse th(‘ gas. 

Kxpkrimfat X. 

Experiment similar ta* the last one. Xo j)umping in of air done in this 
experiment. 

Experiment startl'd at 2 j>.m. 

Thr(‘e-(piarter oilman ol eale.ium e\'anidc was spread in areas marked i and ii 
m tig. 2 aiul the remainder subsequently in the spot marked 'in. 

Results of this experiment are shown in Table V ll. 


TAtua VII. 


'1 itiit." at w hicb 
was 
started. 

Peril d. 

i’oiiit al \i hieii 
emiei'iUratioii 
taken. ' 

Coueeiit ration 
>f IKJ.X in part 

I.CI 100,0(M*. 

UV.M .VH K S. 

j 

'2- 0 p.m. 




PovmIci' siirinkled at i and ii. Kat in 
laije 2 rcasi'd l'i(‘at]iin<.' in o iniinitns 





inoK'. 

;i-10 p.m. 

i 


1 

Hat ji'it ill tliroii^li E ; it ran np to 
Ji. K limu'd to near D wln re it lav 
iiin'iiivcions. HivathiniT at 2-12. 

2-lo ti.m. 

1." mills. 

i 

! (do 


2-30 p.m. 

30 mins. 

* 

220 


2-40 a.m. 

40 mins. 

Koivr B 

10 


2-48 p.m. 

48 mins. 

Xoivr D 

4 


3~ 0 p.m. 

1 hr. 


! •••• 

Put llio rc.'t f,f the powdnr at iii. 

3-10 p.m. 

1 hr. 10 mins. 

iii 

1 220 

! 



As there was no attempt made in this experiment to assist diffusion of 
the HCN, rat in cage 1 was not. killed, as the high eonoent ration zone was a 
short distance away from the cage. Rat in cage 2 died as the high eoneentrathm 
zone was just opposite to it. 


Experiment XI. 

This was similar to the two previous ones. Arrangements were made for 
circulation of sir in the channel with a view to produce a more or less even conren* 
tration of HCN throughout the channel. The A end of the channel was connected 



N. .V. dorr. 


297 


by rnoiins ol G ft\'t I' li'jitli of lios,> mtli ,v ('li.ipiMati Korijo K.ni. Oiu' oiirii'oof 
oalciurtt < y.ii»i<lv w.w (wi*!. .no i»iv< n in I'af)!** VIII. 


'I AIM.!-: vni. 


Time lU wliirli 

tc»l l“« 1 1,1 I 

U-lg a tn. 

12- 0 noon 

12-0 1 ) Ml. J)l fr,u^ 

1 .:io p Ml I 111 -I • 11 ,' 

1-31 pin 

1- 4o p.n.. 

2- ftO p.ti) Mil 


1 * 1 . na n( \«hi<h < 'ttiK r’lt I ! I ioM 

rotno'ii ti.it ion a Nt Ml p,tit<' 
w.t,i.ik! n p. I 


Out* oiiiii'i' ot poMiltT ',|ii iiiLli'il on 

iii.iiWkI i. I utti't, fat) 

wjiN noik ,l loi itliont 2 tnitiiitri*. 

I >ti, ina I (ii'-. I'll I ill 1 1 oiu t hi* i'hi\iiMi*l 

IV I-, ■.I'rii liriii"^ lilow^ii out Id h 

II 1 I .on ■»< Mill A’ 

l•’l<ll woiioil iiymn hii 2 ininnti-h. 


• >P 1 . . * ■* ■ 

()|.p, -• 

n,,,. , O', .' 


.1 


/»• 


|'’.in W in hi , I ii"aiii. 


I ri t)ii'< <■ v I "Tintont ,tll t In* t lit i;'- r.il ' ni I In* won* fonml ali\ i* ili'iiioust r»il ing 

that livilrocvaiiir at nl not :il»li* to ililVti-i* into lli<* fat/f" to rn.iintain tho Iffltiil 

COiicontrat ion ixMjniifil to kill r.i.l*'. 


I’-MM RIMKNT XU, 

fW nuMns of lv\|MTim**nt.s V, \'l .tinl VII, it uas asn'itiiiiifil that one otince 
of the t'alcinm <',v,>ni<l'' uln'ii sjirt-a'l < ni in a lairlv air light .*<|)ai «• gavn a eonrenlra- 
tion of :V) to part ^ of li Mtrorvanii ari-l <_mh ]»■ i Hmi r. ft . of spui-o. 

Afforiiingl V tin* lollowin^ l"‘ll I'lr fSp'-rimi'til \va^ arrangoil. A gla.s.s- plat <• 
ami ht'l! j,ii iiomI to kc.ep niirro-icopi". fm* lioni ilnst. uen- I'vnl in this t*.\|)fiimi*nt. 

Thf ciiMf (ajMt ity of thf holl |:ir ua'^ nnasnrrtl an<l foiinil to In* alioiit t\v«)- 
tbirclH f)f a ( iihic tool . 

A pail of l oitoii w.M.l ua^ lix. il ioi.,i 1 il.,' iu.iil'iii' ol tin- yl.iss-plato upon \vhi<h 
the bell jar n >1f<l. 

(a) liftwofii 0 1 ami (firi graininc'i o\ « ah inin i yanith* was .spreaii out on a 
piece of paia-r jtlacml in thf cfiitre of thf plat**. ()v«t fhi^ a cagi* with one rat Wi’a)* 
put am] tlic wliolf cov.-rril with the Ih) 1 jar. Tin* rat was .sf.-n to have a ronvulsive 
MiUEtirc aftff SfVi'ii niiniit'*s, to gasp for tlir»'i' ininnlnis inoia* ami eeaMf to breath' 
aCier 13 niinute.s from tlm lime of ro!nrneMeein<*nt of fApo^urf. 
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(6) Tustoad of the fresh ealcium Pynnide, 3 grammes of the used cyanide was 
spread on the ]>a])or on the plate, a cae(‘ with a rat put on it, and the whole covered 
with the bell jar. Observations were inade for half an hour and the cxperiinent 
w'as given uj) as tin*, rat was seen as lively at the » jul of this p( riod as at the start. 

(c) grammes of fresh cyanide was spread on tlie paper ; a cage with a rat 
put on this. This cag<‘ was of .such a size that when it was covered with the I)eil 
jar, the brim of the jar did not touch the plate and there wa.s an open ga]> about 
rpiarter inch all round between the plate and the brim of the bell jar. This kept a 
far freer communication between the air under the bell jar and that outsidi it, than 
in experiments {a) and {b). Under tlnse circr.mstances, notwithstanding tha 
quantity of e\ anide, which should have given a concentration of 100 }>arts per 
100,000 ol air, a lethal coiunmtration was not fuaintained and the rat was not 
affected even after exposure for half an hotir. 

Those three ex|)eriments confirm tin? fact that a h'thal effect is attained only on 
maintaining a certain minimum concentration fora certain minimum period, wliieli 
conditions are attainable mainly in a clos(*d space 

SoMM.MtY 

Kor iumigation puiqxisi"^, hv<lroeyanie atad uas is ordinarily generated by 
mixing togetlwr solutions oi sulphuric acid and ■[•otas-ium or ^odium cyanides 
involving tin* us» of special apparatus, while in the case of calcium cyanide no such 
a[)paratus is reipiired as the inert* ex|)o<iire of the material to the air evolves the 
gas. 

ff'he <‘fficacy of hvdroeyani<' acid gas in killing rodents and insects depoiuls 
upon two factors, the concentration of the gas (30 to 50 parts ])er 100,000 of air 
being the minimum) and the p<*ii(Kl of ex]>osure (th(‘ minimum Ixung i to 1 hour), 
these two conditions are such that tlu*y an obtaii'able onlv in fairly air-tight sjiares 

Exjioriiiu'Uts n to IV were lauformed in the open -TV b< ing in a spaci which 
was not air-tight rhoiigh <oveied up- with the r(‘sult that, die insects oxposial to 
the cyanide were not killed. Similnrlv experinn nt XIT (c) shows that lethal concen- 
tration was not attained eVvii though the quantity <>f cyanide spiinkdcd in the 
space was nea.rly three tirm*s that required for lethal eoncentration. 

Lxj)eriments V to VI 1 wdiieh wert* perfornu d in a fairlv air-tight space (viz,, 
the fumigation ehamiMM') showt'd that lethal concentrations weia* attained and wh(‘ii 
rat,s and insects wen* exposal for a suffh ient p(*riod tln v were killed. 

Kxperimdits VI II to XI wen* inslitut<‘d to imitate the effect of calcium cyanidt 
in rat burrows, 'riiese <*xperimeiits showed that there was litth* diffusion of the 
gas in nairow channels. High connaitrations (e.g., 300 per 100,000) prevailed only 
at the place actually (lusted with cyanide, wliih* in the air spac(*s closer by. fhe 
concentrations were hardly alan’e 5 to 10 parts. 

Experiment XII (n) showed that calcium cv.'inide when spread in closed spaces 
at the rate of 1 ounce per 100 c. ft. of space produces a lethal concentration ; XII 
(6) showed that exhausted calcium cyanide wen nsed in quantities 30 times more 
than the required one failed to affect the rat ; XII (c) showed that unless calcium 
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<5yani«lt* is in ( IommI (i.v., aii ti'jjht) spaoi-s, IttUal roiua'i.t ration is not nltaiued 
even tliou^li lli« ^juaiitity U't d is tl\rco tima^- more than the retiuitod one. 

('oNt I.l’SlONS. 

1. The n-<e »•! .‘ah iuiii • yani.le fur tin* {'eneiatiun of hydrocyanic nciil gas for 
fuuiigiit ion {mr])os(‘s is imnh sinijder and more c«nivenieiit. than that ol xulphnrio 
acid and tin; cyaiiidi' of jaitassium or s(Mlinm, 

2. The nu'rc exj>osnrc of calcium < yanid** to tin* air restdt s in evolntion of 
most of Mie hydrocyanic ai id gas in aho»it \ \ hour. 

d. For hydrocyanh'. aciil gas to hr effect iv** two factors are reijuired, vi*., a 
minimum concentration of the gas in the air and time of exposun*. Those condi- 
tions are only attainahlc in fairly air-tight spaces. 

4. One ounce of calcium cvaiiid** wlieii usc<l per UK) c. ft. under the condition 
laid down in d gives a Kthal concent r.>t ion which is attained in about \\ hour and 
maintained for about 1 hours. 

o. If calcium cyanide is used in the open, or cvt‘n in Hpace.s m»t made suffi- 
ciently air-tight, lethal t’oiu’entr at iou is not attained, ami there is failure to kill 
insects and roih*nts. 

0. Ditfnsion of livdrocvanic a<’id gas generated from the «‘alcinm eyanido 
sprinkled in narrow channels dug out in the ground, was too ]»oor to be effective 
all along tbe channel. 


S 




\N()(i\s (ai.chm C^'i amdi- 

IaIR Till-: (^lONTROI. (M- 

Insi-cts Inm-sti\(; (Irain in St()R\(;i- Bins 

I lx 

(jilh'jrt Se hcnk. I\nt< )ni( ; 

C'v.ni.iiniii C'nnipaiiy 

INTRODUCTION 

Cjiain, sucli as wheat and eorti, is frci|ucrill\ stored in 
large bins for a eonsitierable lengtii ol time. 1 hese bins are 
construeted ol eonerete, steel, bi lek, or wooii. A series of 
such bins is referred to as a grain elevator in the I hiited States. 
In the leading wheat areas of the Ihiited States, the farmer, 
after thrashing his graiti, either stores it for a time on his 
farm or hauls it to the nearest town where it is placed in a 
small shipping ele\ator usually referred to as a country ele- 
vator. Directly after harvest these country elevators (juiekly 
become lilled with grain and it becomes necessary for them to 
ship this grain to the large terminal elevators located at a 
number of central points. 'The terminal elevators store this 
grain until such time as it is to l^e shippeil to the m Her or in 
some cases to the export elevators. Some grain moves directly 
from the country elevator to the export elevator. 1 he export 
elevators are large elevators loeatetl at the impf)rtant shipping 
ports which hold the grain pending its shipment to foreign 
countries. During recent years some of the larger milling 
firms have erected their own str)rage ekwators. After the 
main movement of the grain, directly after liarvest, the ter- 
minal elevators and the export elevators may be lilled with 
grain and it becomes necessary for the country elevators to 
hold the grain for a certain period of time, h'rom these dif- 
ferent methods of handling the grain it will be seen that from 
the time of harvest until the grain is milled or shipped out of 
the country it is stored in large bins for a considerable period 
of time, sometimes for as long as one or two years. During 
this period of storage there is often considerable loss, due to 
the attack of various insects. 
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LOSSES CAUSED BY INSECTS IN STORED GRAIN 

The principal insects which have been encountered in 
these investigations and which are largely responsible for the 
losses sustained in the United States are as follows: 

"Tiranary Weevil {Sitophilus (jranarius L.) 

Rice Weevil {Sitophilus oryza L.) 

Confused Flour Beetle {!' riholiutn confusum Fab.) 

Rust Red Flour Beetle { Triholiiim ferrugineum Fab.) 

Saw Tooth Grain Beetle {Silvaniis surinarnensis L.) 

Flat Grain Beetle {Crypiurgns pusillus Gy 11.) 

Lesser Grain Borer {Rhyzopertha dominica Fab.) 

In general the elevator man divides these insects into two 
classes — weevils and '‘bran bugs”; any insect other than a 
weevil is referred to as a “bran bug”. The flour beetles, 
{Triboliurn spp.)are really not injurious to whole wheat but 
are scavengers, feeding upon broken kernels and chafif. Mil- 
lers, however, object to buying wheat infested \vith flour 
beetles since these insects are serious pests of milled grain 
products. 

In addition to the insects listed above, the x^ngoumois 
Grain Moth, Sitofroga cerealella Oliv. and the Cadellc. 
Tenehrioides uiauritanicus L. should be mentioned as impor- 
tant and serious pests of stored grain. These two species, 
however, were not present in any of the grain fumigated in 
our experiments. 

The actual economic loss resulting from the activity of 
these grain insects may be summarized as follows: 

1. If grain is not infested with insects and has a proper 
moisture content, it may be stored indefinitely without a rise 
in temperature. Infested grain put in storage shows a rise 
in temperature due to the activity of the insects (2).t When 
the temperature rises it becomes necessary to move the grain 
from one bin to another, thus aerating it to reduce the tem- 
perature. In general it is necessary to move infested grain 
every month or six weeks. Some elevators have a fixed charge 
of of a cent per bushel for moving the grain from one bin 
to another, whether for this purpose or any other purpose. 

2. The insects eat certain portions of the grain, thus 
causing a shrinkage in the weight. This is a definite loss to 
the man who holds the wheat at the time that the insects are 
actively at work. Wheat is sold on the basis of weight 

♦All of these specimens except S. (jranarius and .V. snrinamaisis were deterniiiH‘(! 
by Dr. IC. A. Back of the United States Department of Agriculture. 

th'igures in parentheses refer to literature cited. 



bushels, not v.ikmic bushels. The shrinkajje in \vei,i{ht may 
be from one to live per cent during the lirst month of storage, 
and may increase in later months to a itiaximum shrinkajj;e of 
ten per cent. shrinkage in wcijihi automatically places 
the grain in a lower grade. I'he minimum weight for the 
different grades of wheat as defined bv the I'ederal (irain 
Board is as f(dlows; 
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.1 Chaff. weeti scctis, shrivelled or broken kernels, and 
other foreign material make up what is known as “doekai^e”. 
The feeding habits of the inseeis naturally increase the ijuan- 
tity of broken kernels, thus increasing the percentage of 
‘‘dockage”. Wdieat which is high in “dockage” must be so 
stated. 'Fhe minimum “dockage” for the different grades is 
as follows: 


No. 

1 . . . 

2 

No. 

2 

. 4 

No. 

.> . . . 

. 7 

o. 

4 . . . 

. 10 

No. 

5 . . . 

. 15 


Although the weight of the wheat might place it in a 
certain class, if the “dockage” exceeds the above percentage 
for that class, it is forced into the next lower class. 

4. If more than one live weevil or more than two live 
“bran bugs” are found in a kilogram sample of wheat by a 
State or Federal Inspector, the grain is classed as weevily 
wheat. Such wheat must be freed of live insects or sold as 
weevily wheat at a discount of one cent per bushel. 

5. Certain grain insects feed only on the carbohydrate 
poitions of the kernel. In milling such wheat there is a loss 
sustained by the miller, inasmuch as a smaller amf)unt of flour 
may be milled from a bushel of such wheat. IJninfested 
wheat will mill 65 to 75 per cent of flour. Wheat which has 
been subject to the attack ni insects may not mill more than 
40 per cent of flour. 
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The losses mentioned above are recognized by all of those 
who handle grain in storage. It is not so well recognized that 
grain frequently comes into storage infested with the insects. 
The infestation by the rice weevil and the angoumois moth 
frequently begins in the field, in the shock, or in the stack. 
During years when the weather conditions are such that the 
grain must be held for long periods in the shocks or stacks 
the infestation of these two species will increase to consider- 
able proportions. Back and Cotton (1) have shown that as 
much as 6 per cent of the newly-thrashed wheat coming to the 
Baltimore market from the Maryland farms is already in- 
fested with the rice weevil. It has also been observed in the 
middle west that grain coming from the southwestern farms 
is infested. During a transportation tie up it has been ob- 
served, when cars of wheat from the Southwest are held for 
a month or longer during warm weather, that nearly every 
car is infested. Infested wheat may be unwittingly mixed 
with uninfested grain either in moving into or after it has 
reached the storage centers. 

NEED OF AN EFFECTIVE METHOD OF INSECT CONTROL 

Probably the only fumigant which has been extensively 
used for the destruction of insects infesting grain is carbon 
disulphide. The difficulties in the use of this material have 
been clearly stated in the following quotation (6) : '‘It has an 
extremely disagreeable odor and in moderate concentrations 
its vapor is poisonous to man. Although carbon disulphide 
is volatile, inillers occasionally complain that wheat which 
has been treated with it retains its odor, and it has been shown 
that the baking quality of ffour from carbon disulphide fumi- 
gated wheat is sometimes injured. 

'‘d'he really serious objection to the use of carbon disul- 
phide as a fumigant, however, arises from the fact that it is 
readily inflammable and that its vapor when mixed with air 
is highly explosive, h'or this reason insurance companies 
refuse to carry the fire risk on elevators during the time carbon 
disulphide is being used to treat the grain contained in them. 

It should be noted that Dean and SWanson (4) found 
that the baking qualities of wheat flour was not materially 
efifected by fumigation with carbon disulphide at the maxi' 
mum strength employed in flour mills and elevators. 

An effort was made to overcome the disadvantages of 
carbon disulphide by mixing carbon tetrachloride with it but 



the (icncral Miinai^crs Association ot ( hicai^o, rcprcsentiiii*; 
the leadini; railway sysicnis ot the I nitc^t States, ad«)pte(l reso- 
lutions prohibitinii; the use of this mixture, «iue to its hi,i;hlv 
inflammable eharaeter. At the same time, they reijuesteci the 
U. S. Depaitmetit ot Agriculture to undertake an investiga- 
tion in order to (ind a substance which mii^ht he safely used 
for grain iumigation. 'Fhe T. S. Department of Agriculture 
conducted such an in\ estig.ition and published their results 
(6). In the course ol this work, the possibilities ot o\er one 
hundred organic compouiuis were studied, d'he most prom 
ising material w.is eth\l acetate. rhe\ lound that under 
practic al tumig.ition conditions, the eflic ienc\ of ethvl actuate 
was increased by mixing it with carbon tetrachloride, 'rhey 
learned that (6) '‘( )doriterous constituents r)i low volatility 
from commercial grades of ethyl acetate (both the Ss per cent 
and the per cent grades) are carried through from the 
fumigated wheat to the flour, and even to the bread baked 
from it. A [Hire grade ot ethyl acetate, however, leaves 
practically no odor in the fumigated grain or in the bran or 
shorts made from the grain; ami none in the flour or in the 
bread baked from the flour." 

ddie mixture of ethyl acetate and carbon tetrachloride 
has not come intr) general use, possibly for several reasons. 
These reasons have been summarized by Hack and C'otton ( v). 
“Since the ethyl acetate carbon tetrachloride mixture is no 
more effective than carbon disuljdiide, leaves an odor on the 
grain, and in some respects is not (juite so satisfactory from a 
toxicity standpoint under all conditions, it remains for tlie 
individual to determine whether its greater cost affects tlie 
advantage of freedom from lire hazard.’’ I^ecause of the 
low flash point of this mixture some insurance underwriters 
have w'ithlield their approval. 

During I92.V and 1924. the .American C'yanamid C'om- 
pany conducted a series of experiments in an attempt to use 
lic^uefied hydrocyanic acid for the fumigation of grain eleva- 
tors. Some diflkulty was encountered in obtaining a uniform 
penetration of the fumigant throughout the mass of grain. 
Since the hydrocyanic acid gas killed the insects which it 
reached, it was thought that the difliculty of penetration could 
be overcome by distributing C'yanogas Calcium C'yanide 
evenly throughout the bin of grain. 



PRELIMINARY EXPERIMENTS WITH CYANOGAS 

In the preliminary experiments, fumigations of one 
bushel lots of wheat were carried out in galvanized iron ash 
cans. Kills were determined on insect-infested grain enclosed 
in perforated cardboard pill boxes. The following method of 
procedure w^as used. The first box of insects w^as placed in 
the bottom of the ash can and a stream of wheat was allowed 
to pour into the ash can from a bushel measure. At the same 
time, Cyanogas (j-Fumigant was fed into the wheat stream 
by means of a funnel. The stream of wheat and the stream 
of Cyanogas were so regulated as to obtain an even distribu- 
tion of the two materials. Pill boxes containing live insects 
and wheat were dropped into the wheat from time to time, 
the last pill box being so placed that it w^as just covered with 
w'heat. The lid was then placed on the can and was left for 
the duration of the exposure. The boxes were removed at 
the close of the fumigation. Idle insects were examined 
under a lens and any which exhibited signs of life were re- 
corded as alive and discarded. A further examination was 
made at the end of a twenty-four hour period. Such insects 
as then showed signs of life w^re recorded as stupefied and the 
balance recorded as dead. This twenty-four hour period was 
chosen after it was found that results were no dififerent than 
those observed at the end of a seven-day period. Check boxes 
placed in untreated wheat showed 0 to 23 per cent dead in- 
sects, the average being 6 per cent. Samples of one kilogram 
of untreated and treated wheat were set aside in two-(]uart 
mason jars for emergence records. The glass tops were placed 
on the jars but the jars were not sealed. The results which 
were obtained in these experiments indicated that grain insects 
could be controlled with a dosage of Cyanogas which was 
economically practicable. (Table 111) 

'Phe effect of this treatment upon the wheat was the next 
cjuestion to be considered. It was already known that fumi- 
gation of grain and flour in mills with hydrocyanic acid gas 
had no detrimental effect on these products. (4) Tests were 
made to determine if there would be any different effect when 
hydrocyanic acid gas was liberated in close proximity to the 
wheat kernels. Chemical analysis of the wheat and the vari- 
ous milled products indicated that the residual hydrocyanic 
acid in the wheat was insignificant, the bulk of this being 
found in the bran after milling. The flour showed only a 
trace. Baking tests were also made which indicated that 
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Taiile III 



in each experiment. 
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there was no difference between treated and untreated wheat. 
Having obtained these promising results, it was decided that 
the experiments should be continued on a large-scale, com- 
mercial basis. 

EXPERIMENTS ON A COMMERCIAL BASIS 

Arrangements for experimental work were made with 
one of the large companies in Kansas City, Missouri. Their 
elevator consisted of a series of large concrete bins with a 
total capacity of 950,000 bushels. The individual bins varied 
in capacity from 3,800 to 25,000 bushels. (Fig. 1-3) 

Application of the Fumigant 

From previous experience in the small-scale experi- 
ments, it was decided that the best method of applying the 
Cyanogas would be to mix it with the stream of wheat at the 
top of the bin as the bin was being filled. A hopper with a 
roller feed was devised for this purpose. In some of the early 
experiments, the roller of this hopper was turned by a system 
nf pulleys and bevelled gears tapped from the shaft of one 
of the conveyor belt rollers. (Fig. 2-3) Under this system the 
machine was in operation only when the conveyor belt was 
running. However, there was a disadvantage in that the 
device was fixed to the spout only on one side of the conveyor 
belt. In order to obtain a more flexible arrangement, an elec- 
tric motor was mounted on a shelf attached to the hopper and 
power was derived from it by a system of cone pulleys and 
worm reduction gears. (Fig. 3-3) 

The non-sparking motor used in these experiments had 
the following specifications: 

\lotor 

General Electric Company 

Model No. 20001 

'Fype S. A. 

Frame 145 — Form S I 
Volts 110 
Amperes 4.2 

Horse Power 1/6 Speed 1725 

Cycle 60 Single Phase 

Temp. Rise — 40' C. 

Time Rating — Continuous 
No. 3563444 
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2-v3. Original Mopper with Roller Driven from the 1>ip])er. 


The speed of the motor was reduced by means of a 48 
to I reduction gear. Attached to the shaft of the motor was 
a grooved cone pulley of the following diameters: I", l^", 
I >4". Mounted on the shaft of the worm gear was a 4" 

grooved pulley. 'Fhe driving pulley attached to the roller 

caused the roller to revolve at the same rate. The roller was 
made of well -seasoned maple, free of blemishes. The ends 
of the roller were strengthened by 34 " x steel bands. 
The b{)dy of the hopper was made of 1 6 gauge steel with 

angle iron used as the frame. A sliding steel bar with 

adjusting screws provided for adjusting the opening between 
the roller and the edge of the hf)pper. When the speed 
of the wooden roller remained constant, the amount of Cya- 
nogas fed per hour was regulated by adjusting this slide 
to the desired amount. It was found that the preferable 
way to regulate the feed was to keep the opening of the slide 
constant and change the speed of the roller so that the number 
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Fis^'. Standard CVanoj^as Il<>])|)er with Roller Driven by 

I’deetric Motor. 


of revolutions were increased or decreased. It was found 
that if the opening between the slide and the roller was 1/1 6th 
of an inch and if the belt was on the one and one-eighth inch 
pulley of the motor, the speed was approximately 30 revolu- 
tions per minute. This fed the G-Fumigant at the rate of 
approximately 125 pounds per hour. When it was desired 
to feed 100 pounds per hour, the belt was changed to the one 
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inch pulley or to the one and one-(]iiarter inch pulley if 150 
pounds per hour was needed. Further adjustments to give 
the exact dosage were made by slight modifications of the 
opening between the slide and the roller. 

A detail method was used to determine the rate at which 
the Cyanogas was being fed into the wheat. The proper 
adjustments were made and the motor started. A dust pan 
or other convenient receptacle, wide enough to reach across 
the entire width of the roller, was used to catch the Cyanogas 
passing through the slot for one minute. The Cyanogas was 
weighed and calculation made to give the amount which 
would be fed in one hour. 

The other variable which had to be considered was the 
rate at which the wheat flowed into the bin. The wheat 
moves to the bin on a conveyor belt where it is discharged by 
the tripper into the bin. (Fig. 4-3) The rate at which the 
wheat is carried on the conveyor belt depends on a number of 
variable factors. This rate usually varies from four to six 
thousand bushels per hour. The weighmaster estimated the 
rate at which the wheat was flowing on the belt. The amount 
of Cyanogas which was applied per hour depended upon this 
estimate of the wheat flow. 

ITe Cyanogas G- Fumigant w^as fed directly into the 
stream of wheat, at, or as near as possible to, the manhole. It 
was found desirable to have a canvas cover placed around the 
stream of wheat, extending from the spout of the tripper to 
the manhole. The Cyanogas was fed directly into the stream 
of wheat through a hole in this canvas. (Fig. 5-3) The canvas 
cover was used to prevent the displaced air of the bin carrying 
hydrocyanic acid into the room above the bins. It was also 
found desirable to arrange for an outside vent to the bin for 
carrying off the displaced air. This outside vent was in the 
form of an eight inch pipe leading from the roof of the bin 
to the roof of the enclosure above the bin. The outside end 
of this vent was provided with means of protection against 
rain. (Fig. 1-3 — End Bins.) 

Effect of Fumigation on the Insects 

Preliminary experiments indicated that a satisfactory kill 
could be obtained with a dosage of 7 to 12 grams per bushel. 
This is equivalent to a dosage of 15 to 26 pounds of Cyanogas 
to 1,000 bushels of wheat. Experiments on a commercial 



3-50 



Wheat Moviii”- 'Toward the rid])i:)cr on the Con\'e\’(jr Belt. 
Cyamiyas Hopper in Po-;^itia:i in Background. 
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Taiiie IV 

Results of Commercial Fiiminlions— Kansas City, Mo, 1926.} 
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5-3. II()|)])cr in Position on 'Irippcr Spoilt. Xotc (.anv.'is (StvcM' 

Aronnd Stream of Wheat. 


basis were conducted with dosages within or near this range. 
The kill was deterniined from insects enclosed in perforated 
cardboard pill bo.xes or in metal salve boxes with screen ends 
in a manner similar to that used in the preliminary experi- 
ments. One difiference might be noted. In the preliminary 
experiments the boxes contained insects and wheat while in the 
commercial experiments only insects were placed in the boxes. 
This change was necessary to prevent the insects being injured 
by the wheat since the boxes rolled about when the bin was 
filled or emptied. In some of the experiments the insect boxes 
were enclosed in perforated containers attached to cables sus- 
pended at the sides and center of the bin. This method was 
used to make sure that there was no difiference in kill in any 
part of the bin. (Table IV) 

When heavily infested wheat was used, samples were 
taken at regular intervals while the bin was being emptied. 
I^hese samples were examined following the standard method 
employed by State and Federal Inspectors. (Table V) 
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Coiiiuiorcial Inspections of Fnnni;ate(l drain 
Kansas City, Mo.. 
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Additional samples were taken from the top, center and bot- 
tom of the bin. These samples were set aside for two months 
in glass jars, covered with wire gauze for determination of 
emergence. Similar types of samples were taken of the same 
wheat in all e.xperiments before fumigation to serve as a check. 
The results of these e.xperiments are recorded in Table VI. 

In fumigations for a period of one day, a difference is 
noted in the kills of insects contained in pill boxes as compared 
with that obtained of insects left in the wheat. It was found 
that there was sufficient gas present in the wheat at the end of 
a twenty-four hour fumigation to stupefy live weevil placed 
in the wheat. Therefore, insects present in the wheat would 
be exposed to this low concentration of hydrocyanic acid gas 
for a certain period of time after the wheat was removed from 
the fumigation bin. Insects contained in the pill boxes were 
entirely removed from the grain at the end of the twenty-four 
hour period. Such insects had a better opportunity of reviv- 
ing than those present in the wheat. If elevator practice was 
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such that fumigated wheat would be handled so that the 
insects would be exposed to these low concentrations for a few 
days longer, the twenty-four hour fumigation could be recom- 
mended. However, fumigated wheat may be loaded into cars 
with unfumigated wheat immediately after treatment. Such 
mixing reduces the low concentration to a point where stupe- 
fied insects may revive. To overcome this difficulty, the fumi- 
gation period was increased to a point where complete kills 
were obtained in the pill boxes. This gave a minimum fumi- 
gation period of seventy-two hours, sufficient for satisfactory 
results regardless of how the wheat was handled at the close 
of the fumigation. An examination of the tabulated results will 
show that complete kills were obtained with dosages as low as 
twenty pounds per l.,000 bushels of grain. Inasmuch as there 
may be a certain amount of error in the estimate of the rate 
at which the wheat flows into the bin, it was decided to recom- 
mend a dosage of twenty-five pounds per 1,000 bushels. 

In the experiments in which the boxes of insects were 
suspended on cables no difference in the kill was found be- 
tween those at the side, center, top or bottom. It was noted, 
however, in certain experiments where wheat was run into 
empty bins that the pill box which dropped into the cone- 
shaped bottom of the bin showed a certain number of live or 
stupefied insects. The following tabulation of Experiment 
No. 22 brings out this point. 


l^XPKRIMr.NT Xo. 22 


(ieneral weather conditions 
High d'etnp.— 73 l^’. 

Low d'enip.— 43 h\ 

Mean dVmp.SVh F. 
Precipitation 7 A.M. to 7 
P.^r. CX) 

Relative Hinniditv 
7 A.M. Noon ' 7 P.M. 
71% 4P%. 43% 


Jdlled 4/16/26- 9 : 10 to 9 :30 P.M. 
]6n])tie(l 4/20/26 -10:(X)to 11 :00 
P.M. 

Room 'Feiiip. — t)7"'h\ 

J^elative Humidity 44% 

Wheat Femi). 63 — KXT h'. 
Moisture content- 12.2% 

Dosage 

2673 lUi. Wheat Or 33.311) per hit. 
3S11) (Vanogas used. 2 1.61b per 
lOOO'hu. ' 


Check boxes every 3 minutes. 
No Cyanogas drojjped at start 
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No. 

Weevil 



No. 

Hr.\x RrtrS 


a^e 

Alive 

Dead 

Stupefied 

t a t^e 

A 1 i ve 

Dead 

Stupefied 

1 

6 

4 

0 

1 

0 

6 

0 

2 

0 

10 

0 

> 

0 

12 

0 

2 

0 

11 

0 

2 

0 

15 

0 

4 

0 

10 

0 

4 

0 

12 

0 

5 

0 

10 

0 

5 

0 

14 

0 

6 

0 

10 

0 

6 

0 

16 

0 

7 

0 

6 

0 

7 

0 

<) 

0 


0 

7 

2 

8 

0 

2() 

0 


() 

71 

\> 


0 

105 

0 


To overcome this difficulty, two pounds of Cyanogas 
G-Fumigant were dropped into an empty bin before any 
wheat was run into the bin. Experiment No. 32 which was 
conducted with this procedure is presented in detail and 
should be compared with the preceding experiment. 


l^XPERIMENT Xo. v32 


(Jeiieral weather conditions 
J ligh 'Fenip. -64^’ F. 

T.ow Temp. — 42" F. 

Mean Temp. — 52 ‘’F. 
Preciin’tation 7 A.M. to 7 
P.M. =00 
Relative Humiditv 
7 A.M. 

52% 


lolled 4/ 28/26—5 :40 to 6 :27 P.M. 
JOnptied 5/1/26 -5 :15 to 6 :(X) IFM. 
Room Temp. — 

Relative f iumidity — 26% 

W heat Temp. — (iTF. 

Moisture content — 12% 


ti 

2 

2 

4 

5 
() 

7 

8 

6 

*10 


Alive 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0011 

2%: 

7 p..\r. 
36% 

3053 l!u. 

1 -)osage 
Wdieat ?a 

5711) per 

hu. 

/ee\ II. 

Dead 

Stupefied 

781t) Cvanogas used. 25.51h per 

100 hu. 

2 jionnds drojiped at start. 

No. Hr.\x Brt.s 

( aue Alive Dead Stupefied 

10 

0 

1 

0 

12 

0 

10 

0 


0 


0 

10 

0 

2 

0 

2 

0 

10 

0 

4 

0 

22 

0 

10 

0 

5 

0 

20 

0 

10 

0 

6 

0 

12 

0 

10 

0 

7 

0 

17 

0 

10 

0 

8 

0 

11 

0 

10 

0 


0 

17 

0 

10 

0 

10 

0 

16 

0 

— 

— • 


— . 





1(X) 

0 


0 

142 

0 


t Flieck dropped ahead of wheat. 

6heck dropped after run was completed. 
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Experiment No. 39 indicates that if the bin is already 
partly filled with wheat it is unnecessary to drop Cyanogas 
into the bin at the beginning of the run. 


Experiment Xo. 39 


General weather conditions 
}fii(h Temp. — 62 ""Jn 
L ow Teni]). — 40 
]\lcan letup. — 56 "hi 
Precipitation- -.02 inches 
Relative Iluniiditv 
7 AM. Noon ' 7 P.M. 

96% 66% 46% 


Filled 5/11/26—8 to 9 P.M. 
hhnptied 5/14/26 — 5:30 to 7:30 P..M. 
R o( >11 1 Teiii; >. — 65 ” F, 

Relative 1 liiinidity — 39% 

W heat Temp.- -54" hi 
Aloisture content — 1 3.4%) 


Dosage: Cyanogas fed at rate of 25 pounds per lOOO 
bushels. Wheat started at 8 o’clock and allowed to run con- 


tinuously for 

* one hour at 

rate of 5()0() bushels per hour. At 

end of first 

live minutes, 

Cvanogas feeder was started and 

checks No. 

1 and No. 2 

were dropped. 

breeder stopped at 

end of 5 minutes and checks lA and 2 a were dropped. After 

ten minute interval feeder 

was again run 

for five minutes and 

checks No. 

3 and No. ■ 

4 were dropped at the start and 

checks No. 

3. A and 4 a at 

: finish, len 

minute interval was 

again allowed and checks 4, 5, 4 a and 5 a 

were dropped in the 

same manner. 





W'l'-vri. 



Alive 

Dead 

Stupelied 

1 

0 

10 

0 

1 A 

0 

10 

0 

2 

0 

10 

0 

2A 

0 

10 

0 

3 

0 

<) 

1 

3A 

0 

9 

1 

4 

0 

9 

1 

4A 

0 

10 

0 

5 

0 

10 

0 

5A 

0 

10 

0 

6 

0 

10 

0 

6A 

0 

10 

0 


0 

117 

3 
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Various insects were used in determining the kill ob- 
tained in the large scale commercial experiments. Different 
species were not present in the same proportion. In a count 
of 400 weevils it was found that the two species were present 
in the following proportion: 99% S. oryza and T/ S. (jran- 
ariiis. Out of 1000 “bran bugs”, the different species were 
present in the following proportions: 

T. (onfusiuH — 50 /i 

7\ ferrugineiim -40'/^ 

R . 0 ni hnea--? M'/t 

C. pusillus — 1.8o 

S . siiri n a ni e n s is — 0 . 4 / '< 


Effect of Fumigation on the Grain 

Chkmical Analysis: Chemical analyses were made to 
determine the residual hydrocyanic acid present in the wheat 
at the close of the fumigation. Analyses were made of wheat 
fumigated with different dosages of Cyanogas for different 
lengths of exposure and from different parts of the bin. Sam- 
ples were also taken to the laboratory in tightly closed fruit 
jars. Fumigated wheat was milled within 24 to 48 hours 
after the fumigation and the residual hydrocyanic acid was 
determined within the next 24 hours in the various milled 
products. 

The method of analysis used for the determination of the 
residual hydrocyanic acid was a modified Liebig method. 
The hydrocyanic acid was driven over from the tartaric acid 
solution, collected in a 1 /i solution of sodium hydroxide and 
titrated with a N/SO silver nitrate solution. Potassium iodide 
was used as an indicator. Two-ounce samples of whole 
wheat, screenings, or bran were placed in the distilling flasks 
with one liter of tartaric acid solution and 200 cc. of the 
distillate was collected in the sodium hydroxide solution. 
4()0-gram samples of shorts and 800-gram samples of flour 
were placed in one-gallon earthen jars in the evening of the 
same day as milled. Two liters of water were added to each 
jar. The material was thoroughly mixed and allowed to 
settle until the following morning. One liter portions were 
decanted, filtered acidified with tartaric acid and distilled 
over as described above. The results of the analyses are given 
in Tables VII and VIII. 
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1'y\BLE VJ II 

Residual HCN in Wheat from Various J'arts of the P>in. 




Cyaiiogas 


Ki 

-SiiH/AL IICN ]\ Wnh 

.AT 

Ivxpt. 

Ivxp. 

Lb.s. per 

Bii. Wheat 


Part.s Prr Mil . lion 


No. 

Day.s 

KKlOhii. 

h'uniigali'tl 

Bottom 

Top 

( ‘enter 

Averajie 

1 

1 

20.0 

0,000 

15.8 

16.8 

20.1 

20 S 

3 

1 

1 

20.7 

10.400 

17.8 

22.7 

24 7 

21.7 

M 0 

5 

21.1 

3,500 

16.6 

13.8 

41.4 

6 

1 

27.1 

3,500 

32.6 

30.7 

27 7 

SO s 

18 

1 

27.7 

2,700 

30.6 

34.5 

30.5 

34 8 

*13 

1 

2 

43.7 

8.(K)0 

40.3 

153.0 

80.0 

0/ 4 

2 

17.^ 

6.(XM) 

10.5 

21.7 

18.7 

10.0 

16 

2 

2 

10.8 

3,824 

23.7 

27.7 

25.7 

25.7 

17 

24.0 

3.124 

21.2 

20.7 

28 () 

23.5 

15 

2 

24.1 

5,380 

28.6 

20.7 

32.6 

30.3 

19 

2 

24.7 

2,832 

16.8 

30.6 

26. f> 

24.6 

4 

2 

26.0 

10 6(K) 

18.8 

27.7 

27.7 

33.5 

24.7 

24 

3 

20.2 

3,016 

22.7 

30.5 

31.0 

25 

3 

21.8 

3,800 

20.7 

54.4 

35.6 

36.0 

21 

4 

18.1 

2,841 

32.5 

21.7 

31.6 

31.0 

20 

4 

21.3 

2,815 

21.7 

47.4 

44.2 

41.3 

22 

4 

21. f) 

2,6/5 

14.8 

30.6 

35.5 

26.0 


* Samples for No. 13 retained in .scaled jars iinlil analysis ; all other sami)les retained 
in sacks. 


A review of the tabulated results indicates that the 
amount of residual hydrocyanic acid present in the wheat 
would n(U be detrimental. 'The amount of residual hydro- 
cyanic acid in the whole wheat fumigated in the recommended 
manner is less than that tolerated in almond paste. The .Ser- 
vice and Regulatory Announcements of the United States 
Department of Agriculture* permit of bitter almonds 
where theie is a possibility of the almonds being used in the 
raw stam, for edible purposes. Bitter almonds contain 0.12 
to U.IH'a of hydrocyanic acid. On this basis the recognized 
tolerance of hydrocyanic acid in bitter almonds used for 
food purposes would be 0.006 to 0.009'- hydrocyanic acid 
which IS eqiiivalent to 60 to 90 parts of hydrocyanic acid per 
million. The maynnim residual hydrocyanic acid possible 
s shown in Table VI I in the jar samples. The wheat taken at 
tnc close of the fumigation was placed in tightly closed fruit 
jars, so that there would be no loss of hydrocyanic acid in 
carrying the samples to the laboratory. Immediately upon 
reaching the laboratory these samples were screened and then 
tmpered by adding water to the sample. This method of 
tempering would prevent any loss of hydrocyanic acid ems 

iMlyzed within 24 hours of the dose of the fumigation. The 
^eat in these jar samples was mi.\ed within the first 24 hours 

*ne,.t'Nov. Service and Kegnlatory Ann.mnce- 
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and the milled products were again sealed in the jars until 
analyzed. A comparison of the analyses of the jar samples 
with the sack samples clearly shows that, on exposure to the 
air, the whieat and the various milled products lose a consid- 
erable quantity of their residual hydrocyanic acid. One experi- 
ment was run with a high dosage of 45 pounds per thousand 
bushels to determine how (juickly the residual hydrocyanic 
acid escaped. The wheat in this experiment analyzed 68.6 
parts per million at the close of the 24 hour fumigation. The 
wheat was kept for a month in a sack and at the end of that 
period analyzed 28.6 parts per million. The bran made from 
this wheat analyzed 41.9 parts per million and a month later 
22.7 parts per million. The shorts analyzed 8.9 parts per 
million and a month later 4.6 parts per million. 

Wheat is sometimes washed before it is milled. Analyses 
were made of both unwashed and washed wheat and of the 
milled products of washed and unwashed wheat. Unwashed 
wheat, which showed 19 parts per million of residual hydro- 
cyanic acid had only 2.02 parts per million after washing. 
Another sample which showed 68.5 parts per million before 
washing had only 11.4 parts after being washed. In this 
sample the bran from unwashed wheat analyzed 57.1 parts 
per milli(m and from the washed wheat 5.8 parts per million. 
The shorts from the unwashed wheat contained 7.85 parts per 
million, while from the washed wheat, 5.2 parts per million. 
Flour from the unwashed wheat contained 2.16 parts per mil- 
lion, and from the washed wheat 0.41 parts per million. 

The above chemical analyses indicate that the amount of 
residual hydrocyanic acid is small and most of this hydro- 
cyanic acid would be lost as the wheat passes to the milling 
centers and goes through the milling processes. 

Feei)IN(; Experiments : Although the chemical anal- 
yses indicated that there was not a dangerous (juantity of 
residual hydrocyanic acid in the wheat following fumigation, 
it was decided to check this point by definite feeding ex- 
periments. 

On February 7th, a flock of chickens consisting of eleven 
hens and one rooster was secured for the feeding experiments. 
From that day their only grain food consisted of fumigated 
wheat or wheat products, until the close of the experiment on 
May 2()th. No injurious effects could be noted. During that 
period the residual hydrocyanic acid in their grain food was 
as follows: 
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Analyses of 1 

f'eed Chickens 

Received 


Dates of 

Test, h)26 

Whole 

Wheat 

Oran 

Swe 

epin.us 

Fel). 7 to 

Fd). 24 

60 

l)])ni. 

27 p})m. 



Fel). 24 to 

March 24 

23.5 

ppm. 

10 ppm. 



March 24 

to A])ril 1 

2 



140 

ppm. 

April 12 ti 

) Afav 3 

85 

])pm. 




A fay 2 to 

May' 20 




217 

p])m. 

ppm —parts 

per million r 

esidual livdr 

ocyaii.'e acid. 





A second flock of chickens consisting of six hens and one 
rooster were fed with fumigated grain from May 1st to May 
1 2th. For a period of 5 days their food consisted of wheat 
containing 63.5 parts per million, bran containing 20.8 parts 
per million, and shorts containing 6.5 parts per million of 
hydrocyanic acid. For the remaining days they were fed 
upon the sweepings taken from the bottom of the bin which 
analyzed 217 parts per million of residual hydrocyanic acid. 
In addition to the grain and sweepings, bran containing 36.1 
parts per million and shorts containing 20 parts per million 
were placed in the run so that they could feed upon it at will. 
No injurious effects could be noted from this diet which con- 
tained a fairly high percentage of residual hydrocyanic acid. 

A dock of little chicks was fed on bran and shorts milled 
from fumigated wheat. Four of these chicks were 12 days 
old at the start of the experiment, while five were day-old 
chicks. I'hey received this fumigated material plus table 
scraps as their Hrst food. The experiment started on May 
1st and was completed on May 12th. During this period of 
time they were fed on bran containing from 20 to 36 parts per 
million of residual hydrocyanic acid, and shorts containing 
from 6 to 20 parts per million of residual hydrocyanic acid. 
No deleterious effects could be noted from this diet. 

A calf, nine weeks old, was procured and fed on a diet of 
fumigated corn, bran, and shorts for a period of nine days. 
Analysis showed the corn to contain 13.3 parts per million, 
the bran to contain 36.1 parts per million, and the shorts to 
contain 20 parts per million. No injurious effects could be 
noted in this experiment. 

A shoat, weighing 120 pounds, was put on a diet of corn, 
bran, and shorts for a period of five days. During this period 
the shoat was permitted to feed at will upon the fumigated 
products. The corn used in this experiment showed a hydro- 
cyanic acid content of 39 parts per million; the bran, 16.3 
parts per million; and the shorts, 2.6 parts per million. No 
deleterious effects were noted and the hog increased 12 pounds 
ni weight. 
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From the evidence obtained from the feeding experi- 
ments and the chemical analyses it is perfectly apparent that 
the residual hydrocyanic acid in fumigated grain and milled 
products is not present in sufficiently large quantities to cause 
any deleterious effects when eaten. 

Effect on TitF Qi aefev AxND Baking Properties oe 
THE Flour: Although preliminary tests on the small scale 
experiments indicated that there would be no change in the 
quality of the Hour milled from fumigated wheat and that 
such dour would produce just as good bread as dour from 
untreated* wheat, a scries of tests were run using samples taken 
from different commercial experiments. These samples were 
so selected as to represent fumigations running from one to 
seven days. The samples were milled and baking tests were 
run by the Southwestern Laboratories, Kansas City, Missouri. 
'Phe Southwestern Laboratories are the official laboratories 
for making such tests for the Board of Trade of Kansas City, 
Missouri. The samples were turned over to the Ivaboratories 
with the instruction to examine the treated and the untreated 
material and to render a signed report on any peculiarities 
such as odor, differences in protein content, or baking qualities 
which might be noted. Tabulated results of a representative 
series of these baking and protein tests are given in d'abic IX. 

An examination of these data indicates that there is no 
striking difference in the percentage of protein obtained. The 
percentage of ash which serves as an index of the quality of 
the dour showed no striking difference. In the baking tests, 
no differences could be noted. It was also reported that there 
was no objectionable odor in the wheat and that no odor was 
detected in the dour. 

Effect on the Germination of the Wheat: Although 
the wheat which was the subject of our experiments was not 
destined to be used as seed wheat, it was thought advisable to 
make determinations of the effects of the fumigation on the 
germination. Some of the samples of wheat used were several 
years old and actually represented what might be termed 
‘‘dead wheat”. The method of making these tests consisted 
in placing 100 kernels of both the fumigated and the unfumi- 
gated wheat in an incubator between layers of moist blotting 
paper. The germination tests were started from one week 
to six weeks after the close of the fumigation. The counts 
were made after five days of incubation. The results of the 





( icrmination 'I'csts. 





Percent Germination 



C yaiicpas 



Kxpt. Xu. 

1 )a y.s 

J.bs. per 

Treated 

Check 

Kx[)(isnre 

l(KX)hu. 



117 

1 

lO.P 

1 

0 

118 

1 

lo.f) 

1 

0 

123 

1 

22.1 

0 

1 

111 

1 

2f».5 

1 

0 

112 

1 

2^.5 

1 

0 

113 

1 

20.5 

4 

0 

120 

1 

27.7 

88 

75 

121 

1 

27.7 

00 

o5 

() 

1 

27.1 

3 

1 

18 

1 

27.7 

2 

0 

0 

1 

30.0 

23 

23 

10 

2 

24.7 

3 

5 

17 

3 

25.4 

80 

81 

11 

3 

20.0 

00 

71 

31 

4 

18.1 

53 

52 

3r> 

4 

25.8 

05 j 

00 

33 

4 

27.8 

03 

f>0 

30 

7 

20.3 

65 

()1 

34 

7 

27.2 

i 

33 

l- 


germination tests are recorded in Fable X. No particular 
ef?ect on the germination was noted in the fumigated wheat. 
These results conhrmed the work of other investigators who 
have found that fumigation with hydrocyanic acid gas has 
no influence on the germination, providing the grain is dry 
at the time it is fumigated and has been sufficiently aerated 
after the fumigation (5). 

tiFFECT ()\ THE ApteaR-WCE OF CoKN ; In the fumiga- 
tion of corn, it was noted that yellow corn showed certain dull 
areas on the kernel and that the white corn e.xhibited certain 
yellow spots at the close of the fumigation. In the case of 
the yellow corn, this slightly altered appearance would prob- 
ably not be objectionable. The yellow spots on the white corn 
were due to a staining of the epidermis. When the epidermis 
was removed it was found that the stain did not e.xtend deeper 
into the kernel. These yellow spots gradually fade on e.x- 
posure to the air. 
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RECOMMENDATIONS 


1 . Dosage 

25 pounds of Cyanogas G-Fumigant per 1000 bushels of 
wheat. When starting with empty bin 2 pounds of Cyanogas 
should be dropped before grain is started. This is not neces- 
sary when the bin is partly filled. 

2. Exposure 
72 hours. 

3. Application 

Cyanogas G-Fumigant is applied by means of a special 
roll feed hopper that will feed an even stream. The feed 
should run as follows as determined by the rate at which the 
wheat is running ofif the belt: 


Rate of 

W^ieat l''lovv per Hour 
4tXX) Imshels 
5CXX) 
f)(XX) 


Cyanogas 
per Mifuite 
JO. 5 ounces 
33.3 
40 


Any of these rates is etjuivalent to a dosage of 25 pounds 
of Cyanogas per 1000 bushels. Once the hopper is adjusted 
to feed the required dosage, this adjustment should remain 
constant and fumigations continued with only an occasional 
check. 

4. Precautions 

1. wStand on windward side when filling the hopper. 

2. Ventilation: 

a. See that air is allowed to circulate: 

X. above the bins 
y. in tunnel rooms 

b. Cross ventilation should be provided near the 

"boot’’ 

5. When it is necessary to clean out bin, allow air to 
circulate through it for fifteen minutes before 
entering. 

Special precautions when no outside vent is used 

1. Do not allow workmen to remain close to bin when 
filling. 

a. Machinery may be oiled or observations made 
providing the operator does not remain near 
the opening for any long period of time. 

2. The machinery should be moved and the manhole 
closed as soon as the run is completed. 



CONCLUSIONS 


The experiments given in this paper demonstrate the 
practicability of controlling grain insects in storage bins by 
fumigation with Cyanogas Calcium Cyanide. It would ap- 
pear that insects infesting grain in railroad cars could be 
fumigated in a similar manner, applying the Cyanogas at the 
time the car is loaded. It would also appear that a smaller 
country elevator could be fumigated in a similar manner. 
There is also the problem of fumigation of grain stored in 
sacks. The solution of these problems is left to the future. 

SUMMARY 

1. It has been demonstrated that it is possible to fumi- 
gate a large bin of wheat by feeding Cyanogas Calcium Cya- 
nide G-Fumigant into the bin with the wheat at the time it 
is being filled. 

2. A special machine has been designed to deliver the 
fumigant, 

.C All fire risk is removed by the use of Cyanogas since 
it is non-inflammable and non-explosive under ordinary 
conditions, 

4. Cyanogas will give a commercial control of the com- 
mon beetles found in stored grain. 

5. Fumigation with Cyanogas Calcium Cyanide destroys 
the immature stages of the insects as well as the adults. 

6. Fumigations may be conducted with a temperature 
as low as 40 F. 

7. Treated wheat may be stored without danger of 
shrinkage, dockage, or heating due to insect activity. 

8. Wheat fumigated with Cyanogas Calcium Cyanide 
has no objectionable odor. 

9. Chemical analyses and feeding experiments have 
demonstrated that there is no danger from residual hydro- 
cyanic acid. 

10. Fumigation of wheat with Cyanogas Calcium Cya- 
nide does not alter the quality or the baking properties of the 
flour which may be milled from it. 

11. Fumigation does not effect the germination of the 
wheat. 
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How Fumigation Affects Wheat 

flu DR C O SWANSON and I B WORKINt. 

Department tif Milliny /nt/us/rc/. Kansot, Stale Aqruultural (. alleqv 


Am «■! tVciivc, sail' aij<l riuiv I'liicnt 
luMiii-'aiil fur gr.'tiii is liiglily «li'sire<l. 
('arii"ii liisulfiliidc is I'lilcd out lu'caiisf 
(if llic lilt' lia/.urd. Soiiii' fiuiiigutits 
aic tmi ^liiw ; soiiie have oilier jiroper- 
tif' wliit'li make llieir use for trraiu 
iiiiliracluail'lc. 

The iiivcsligaiions reporletl in lliis 
[i.ijier Mere for the piiriiose of deter- 
a.iiiii’g ^\lial effects ealeiuiii evaiiide 
a-nl a-, a fuiiiigiiiit, lias on wheat and 
mill [yi'idiicls. We did not test the 
efl'i'i ti'i cuess (if iiiseet killing, Tliese 
c.\|.i riiaents viere eondueted in eo-o|»er- 
aliiui \'il!i the American (.'yaiiainid 
.'''.lie- ('oiniiaii^, "'ll fifth a\'enuf'. New 
yiik The eoiniiany rejire.' cntatives 
fir this cNjii riment were: Dr. William 
Micu'f, Diredor of Kesearch. and Mr. 
(I'illcr; S.'lienck. fultoIilologi^t. Mr. 
.‘'iriicin 1: was present during the entire 
[icriod thi.se in w'si jgation--. m,i<' in 


till ail' It slou'lv gi\e-, el'f hvdroeyanie 
I'M id in tl;e toi.ni of a 'fliis .'udd is 

"'■I' of till' most effective iiisecticiiies 
l■||o'Wl. As the acid is a violent poison, 
it IS tir'd necessary to know if the 
tr''al '[lent ot wheat willi caleinni eyan- 
idc lei((i, any re.^nlue in mill produels 
in I.iri;e enoii.gh (inanlities |o f,. harin- 
fal to aiiiitial life. It is also neees.sary 
to knou if ireatment of wheat with 
•••■denim cvaiiido ha.? any injurious ef- 
fncl (.Hi the milling o,- h.'iking ipialities. 

Ti.e American Cyariamid Males t'om- 
piiiiy reconnnend using Wi pounds of 
llmir caleiiirn cyanide for ejich 1,00() 
•'iisliels of wheal, The ehemical is in 
i' fine granular form like inedinni fine 
In fumigating gram it is nii.xed 
''ith the stream by means of ii special 
feeder ((Jh,,, (|,,, transferred 

fiom one bin |o another. After treat- 
'"j-'it tke grain is allowed to stay in the 
lltrec days more, ' 


‘"‘'"I.'- five pounds of the ea 
fvaiiide for foop bushels of ' 
^Otaris one eheraioa 

parts „f ti,, 

'ulaimg ilu. (inaniiiios used in 
''* 4(10 <-aleium cyanhh 

gninis wheat represent the ri 
'n-nded d.isago, Tliis is ccp.ivale 
P-uts iriilliori tivdrot'vanie 
'‘''''■'-"lo'; that the ealeium cv 

; fl'e general plan of tli 

' <0 treat portion 


wheat, 2,4tl0 grains ea<di, with 1, ‘J ami 
It grains of ealeium eyanide so as to 
have .single, double and triple dosages. 
The wheal was put in tin [>ails having' 
Covers filling like tho.se of baking 
powder cans and ealeium cyanide in 
earefnily weighed portions added after 
which the whole was thoroiiglilv nii.xed 
hy rotating the pail. The covers were 
pressed tig'ht and the pails allowed to 
stand for one, three, five, and seven 
days respectively. While filling fairly 
light, the covers did not make the pails 
air tig'ht. .At the end of each treating 
[MU iod. sanifiles of wheat were removed 
lor the hulroeyanio aeiil determinations. 

I lie hulk of each sample w as scoured, 
tempered, and milled and the s< oiireil 
w'bc.it and milled produels wcri' ati- 
al.v/.ed for liydroc\ anic .n'id, one deter 
niinalion heing made soon after treat- 
meni and another after a definite |m'- 
riod of e.xposiire. Then the flour wa-; 
h.aked, the liread scoured for <|ualitv 
and the l»read analyzed for hvdrocvanie 
acid, 

Rosidual Hydrocyanic Acid in Wheat 
ajid Milled Products 
All till' treated sHm[>!es were treated 
for germination hy I lie seed lahora 
toiv of Kansas Stale Agrieullural Col- 
lege. Only tw(» sain|des showed a 
lower germination test than the iin- 
treafed samples. (.)ne of those had lieen 
treated with n single dose and exposed 
to the action of calcium cyanide for one 
day. Tlie other sample had heen freal- 
ed with lri[de dose and ex|»osed for 
seven days. All the other saiii(des 
showed a higher germination test than 
Ihe cheek samples. Jf .seems that the 
treatment with ealeiim eyanide had had 
a slimnlaling effect on all but two 
samples. 

Analysis for hydroeyanie acid was 
made by placing the material in a 
large round bottom I’yrex flask, adding! 
8(1(1 ec of water, acidifying with tar- 
tiirie acid and then distilling about ‘dOO 
ee into a one per cent solution of sodium 
hydi'oxide. The amount of liydro- 
eyanie acid wa.s estimated hy titrating 
with a N' T»0 .solution of silver nitrate 
using potassium iodide as indicator. 
The results are expressed as parts [ler 
million. 

The samples were milled by Mr. C. W. 
Oakes on an Allis experimental mill and 
2.(100 grams were used for each nulling 
test. There was no indication in (he 
milling re-uIls to show that (he milling 


• pialities had in any way heen affected 
by the treatment. 

The amount of residual hydroeyanie, 
ai id found in wheat and milled products 
are given in Tables MV. The samples 
of whe.il werA treated with single, dou- 
ble aiol Irifde doses of ealeium cyanide 
or at the rale of 2T, oO anil 7o pounds 
ot ealeiiriii eyannle (ler 1,000 bushels of 
grain. T.ilde I gives tlie results when 
wheat was treated for one day with 
cahiiim cyanide. Table II, the results 
when the tri'afment wa-. for three days, 
(aide III and IV, when tlie Ireatiriei.t 
was tor five and seven days respectively. 
Single .lo-e (,|- one part of the ealeium 
evanide for 2,100 jtarts whetil iimaris 
lid |>art> of hydroeyanie acid per mil- 
lion, double (lo.se 22(5 parts and triple 
dose ;(;«» parts respectively. Tlie end 
ot the treatment was the lime when tlie 
wheat was removed from the [mil to 
he [iri’pared tor milling. 

llulcoevaiiie acid is hist ra[ddly I'rom 
the wheal during treatment. Wheat 
treated with single, or recommended 
ilo.se, lo-t (he first 24 hours 87 per 
(■ent of what was added, 02 [ter cent 
in .'1 and •'» days, and 7.'1 (>er cent in 
seven days. The lunoiinl of residual 
acid left ill the wluat and milled [irod- 
iiels was jiro[iortioiial to the amount 
added. Thus the residua! amount for 
d(>uble dose trealinenf was a|iproxi. 
mately twice that found for the single 
dose, and for the trijile dose il w.as 
appro .vimalelv three times the amount 
left when Ihe single dose was used. 
This statement holds as a general rule 
for (he wheat and all Ihe milled prod- 
ucts, altlioiigli there is some variation 
among the figures. 

About half the amount present at the 
eml of (he treating period was lost 
when the wheal was exposed to Ihe air 
for 24 hours after removing from tlie 
treated can. This was true both of the 
nnseoured and the scoured wheat. 
Scouring removes some of the hvdro- 
eyanic acid but very much more is 
lost on exjiosure for 24 hours than bv 
seouring. The seourings eontuin more 
residual hydroeyanie acid than any of 
the milled products. 

Wheat did not lose as much hydrn- 
cyanie acid while it was being tempered 
for 24 hours as when il was exposed 
dry for the same leiiglli of time. Wet- 
ting the wheat in teiiifiering retards the 
rale at which the hydrocyanic acid es- 
capes. 


^^prinltd ln,m the Millers’ 
T''«ust, 1H26. 


Review and Dixie Miller; XOl. XC, NO. 2, pp. 28-30, 
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Bran from wheat treated with single BRsimtAi hy 

dose of calcium cyanide contained im- 
mediately after milling more hydro- . 

OMcription of Sample 

cyanic acid than the wheat. When Amount orislnally adtM U> the 


TABLE I 

RESIDUAL HYDKOCYANIt ACID IN WHEAT AND PRODUCTS 
One 4ar trealment. 


bran contained less than the wheat. Wheat .courea afur treatmot ct.s im.s i»2 2 

. -1 V Wheat scoured and expoaed 24 hour# - 71 :j 

Bran like wheat lost considerable hy- wheat after temperinir 24 hour# 3* ’ 7» 9 nn c 

drocyanic acid on exposure to the air j ma "ml 

for 24 hours. Shorts contained from Bran after expocure 24 hour# *? * f?" •* 

one-sixth to one-half as much hydro- Ih^ hour#* 2 2 4.8 io h 

cyanic acid as the bran, and it lost on ^ H oS 

exposure for 24 hours one-half to two^ Bread 0 “ ® “ 0 

thirds of that present immediately after table il 

milling. RESIDUAL HYDROCYANIC ACID IN WHEAT AND PRODUCTS 

Effect of Ezpodnf Treated Wheat Three dara treat* Hydrocyanie Arid in I’erta Per Millmti 

Before MilUnC D«.cription of sample 0*' 

Flour contained less hydrocyanic acid wh^at"^mm'Suli’[y*a^^^ 2 lor. >1 112 :1 

than any other of the milled products wh«t tl.il ull 

and on exposure to the air for six days Wheat Rooured and exposed 24 hour# 1 ‘ s *2 ♦ 

it lost from lwo-third.s to four-fifths ^ r, J i 

of that present immediately after mill- i 5 ur* 2 i*h<«T#'expoiuM soz ? 

ing. After the five and seven days shorta immediately after "“ii- 'ill 

treatment, single dose, no hydrocyanic pi^ur immediately after millinK 1 ’ 

acid was found in the flour. « ‘‘•y* ® J „ 0 n o 

In no-case wa.s any hydrocyanic acid 1 1 r 

found in the baked bread. Disappearance of Hydrocyanic Acid times normal dose were analyzed for 

In actual practice wheat treated with It was desired to know at what rate hydrocyanic a.-id imtrudiat< l,\ ,.i . r 

calcium cvariide would not be milled the hydrocyanic acid disappeared from tre.atmcnt. n.iplirate 1^,.,, 

imtnediatelv after treatment. Wheat wheat when very large amounts were 

was treated with the recommended or added. Hence 20 times the normal dose for -4, 48 and 1 - hours sp(. ti\ 1,, 

single dose for three days. Then the were added to 2 samples and also 40 , . 

wheat was exposed to the air for 24 times the normal dose to another 2 Table VT. During tl.e 10 

hour.s before it was prepared for mill- samples of wheat. Tho.se samples were mcnf iihout t... to SO per 

ing. The results are given in table V. then kept in the pails for 10 days. - 

These figures confirm the results on Two samples treated with 20 tirae.s nor- iippcuru nru ‘ 

exposure nresenfed in Tables I-IV. mal dose and two samples from 40 exposure, about . d ( 1 I 


normal dose 
x'vnnic acid i 


Duplicate sam[)lcs from 


was treated with the recommended or 
single dose for three days. Then the 


These figures confirm the results 
exposure presented in Tables I-IV. 


TABLE III 

RESIDUAL HYDROCYANIC ACID IN WHEAT AND PRODUCTS 

FIT# 4#r# tr«atai«nt. 

Hydrocyant# Acid In P«rta Per Million 


Dmcription of Sample 

Amount orixinally added to wheat 

Wheat immediately after treatment 
Wheat expoaed 24 hours to air after treat 

Wheat scoured after treatment 

Wheat scoured and exposed 24 hours 
Wheat after tempering 24 hours 

Scouring! . ..._ 

Bran immediately after milling 

Bran after 24 hour# exposure 

Shorts immediately after milling 
Shorta after 24 hours exposure 
Flour Immediately after milling 
Flour alter 4 days exposure 
Bread - ■ 


TABLE IV 

RESIDUAL HYDROCYANIC ACID IN WHEAT AND PRODUCTS 
Serea days trcatmenL 

Hydrocyanic Acid in Parta ! 


Description of Sample 
Amount originally added to wheat 
Wheat imm^iately after treatmec 
Wheat exposed 24 hours to air aft 

Wheat scoured after treatment 

Wheat scoured and exposed 24 ho 
Wheat after tempering 24 hours 

Scouringa 

Bran immediately after milling .. 

Bran after 24 hours exposure 

Shorta Immediately after milling 
Shorta after 24 houm exposure 
Flour immediately after milling 
Flour after 4 daya exptwure 


TABLE V 

EFFECT OF EXPOSING THE TREATED WHEAT TO AID BEFORE MILLING 

Hydrocyanic Acid in Parta 
Per MilHon 

Description of Sample Sample A Sample B 

Wheat expoaad 24 boors M.7 82.4 

Wheat exposed 24 hours and scoured 80.2 

Wheat expoasd 24 hours and then tempered 24 hours 10.4 17.8 

Bran immediately after milling 41.0 38.0 

Bran expoaed to air 24 hours afUr milling 86.7 88.0 

Shorta immediately after milling I*.® 

Shorta expoaed to air 24 hours after milling 2.2 2.2 

Flour immediately after milling . - M 0.8 

Bread - . _ 0.0 0.0 


0 days. (Inicyanic .ici.l iiddcil tfi tlic wlicat (li«- 
uc.s nor- iippcarcd nnd (hiring Iho first 21 hours 
’rorn 40 cxpo.siirc, about 2 :i of llic remainder 
disappeared. At Diis time the amounl 
of residual hydroeyaiiic acid was the 
same for both the 20 and 10 times nor- 
^Miiiion During each succeeding 24 

"'’aWr' hours half disappeared of wiiat was 
*(!or {iresenf at the time of tlic previous aii- 
los.o alysis. At the end of 72 hours no mort' 
rsia was prest'nt than what was found in 
”49? wheat after one day’s treatment single 
6(1.5 dose. (See Table VI nnd eompare with 
Tabl(> 1 ). 

II BaXing Te«t« of Treated Wheat 

no The results of the baking tests arc 
presented in Table VII. These tests 
were made by the use of the high speed 
• Million mixer developed in the Department of 
Milling Indtrslry, Kansas State Agri- 
97.'2 cultural Tollege. This test gives the 

97,2 flour a severe treatment and if an.v 

62 6 weakness exists, it will he shown in the 
937.0 lessened loaf volume and in poor tex- 

III tore. The figures show that the bak- 
18.0 ing qualities were not in any way in- 
1.6 jnred by the treatment with the rec- 
® * ommended dose of calcium cyanide. N‘> 

marked influence could be mdiced w'di 
the double dose. There was a slight 
•M in Parta decrease in loaf volume with the triple 
Hon do.se when the flour was baked at once. 

* 82.4 When this flour had stood for six days 

j, g the volume was, within experimental cr- 
38.8 ror, the same as the volume obtained 
on the check sample. The treatment 
2* with the peeornmended dosage showed 
0.0 in most cases a slight improvement over 
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TARLK VI 


...niiAI HYDROCYANIC ACID IN WHEAT TREATED WITH LARGE DOSAGES 
residual IlYi'Rwv OF CALCIUM CYANIDE 


OF CALCIUM CYANIDE 
T»n d»yii trfitinrnt. 

IlyilruL-yanic Acid in I’nrta Per Million 
20 X Normal Dose 40 x Norinnl Dooc 


iwrirtion of 


Am.iurn o.Otinally a<Wcd ‘o wheat 
Wh at lo.medialely after treatment 
Wheat exooaed to air 24 houra 
Wheat exi'oaed to air no 
IV I,,.. I ex Dosed 10 air >- hour* 


Ihe yliock Siimplos. All (lie I'luUf sam- 


,,l. 


fit the maturing' treatment 


with ehlnrine using the appuratns of 
the Itiiliistrial Appliaiiee Company, 
Cliiragin 

reeding Experimentg. 

Two liitii uf liu'jy ehieks, 17 in eaeli 
lot, wore list'll in the I'eeiling exiieri- 
Mic'iit- The cheek lot was fml fresh 
halteniiilk at all times ami groiiml un- 
trealeil wlicat spread on a hoard tliree 
times a day for five days, after that 
I he oround wheat was put in self feed- 
(.is fur four days. The <dher lot wa.s 
fed the s.itne as the eheeU hd exeept 
that the wheal was treated tor two 
day- with iloiihle doses of ealeium eyan- 
iile. Thi' wlieat liefore grindiiio eon- 
taiiieil 8f'.’ parts iier million liydro- 
( Millie aeid, and after grinding* ‘Jil.H 
parts per million. One eliiek in the 
cheek lot died on tlio 4lh day of the 
cxperiiiieiit, and olio eliiek ill the lot led 
Ire.ileil wheat died on the third day. 
There was no evidence that tliis was 
due to feeding treated wheat. At tlie 
eliM' of the. feeding period the ehieks 
were ohser\ed by I’rol'essor L. F. 
l^ayiie, Professor of I’oiiltry ffns- 
liaiidry, and Hr. J. S. Hnglies, Professor 
Ilf t'heiiiistry mill E.\pert in Nutrition, 
Kansas Slate Agrieiiltnral I’olhige. 
Hidli men pronoiineed the ehieks normal 


Z2Cft 


4.'t20 


H. 

41)20 


from l.'i to l.'J parts per million Ih) days 
after fumigation. Fruits and vegeta- 
bles eonlained miieh larger amounts of 
h.vilroeyanie aeid. hnt more than one- 
half disa)>peaied during: one day’s ex- 
posure. -The report of their investiga- 
tions are found in I nited States Oe- 
parlinent of A'jrieiilinre, Unlhdin No. 
114i». 

Siunmary 

The American Cyanamid Sale.s Com- 
pany recommended using 2.‘) pounds of 
their ealeiiiin cyanide for each 1,000 

TARLE VII 

BAKING TESTS OF FLOUR FROM WHEAT 
TREATED WITH CALCIUM CYANIDE 
I)»y„ Loaf Texture 

■ri-catnicni Ptwoin' VuliinieCC Percent 

I) n 2 »r,i) *r> 


2015 

2020 


VII 

VII 


I 


2050 


1950 '.14 

... . 20B0 »6 II) 

III 1 2110 06 (I) 

III I 2070 08 (2) 

HI 3 2010 96 (2) 

1 1 > Wheat wan exeuecd to air 24 huura be- 

fore HCuureU and tempered 
(2) Fluur wa» expoxed 


a cotton aackj 


bushels of wheat; this to be ini.ved 
with the wlieaf by means of a .special 


ra|>idly from wlieat and milled |)rodiiets. 
Flour e.xposed in ehdii sacks for six 
days contained only one-tpiarter [larl 
JUT iiiillion. Tills is only a faint Iraee 
and almost a( (he limit of the deter- 
mination. The bre.iil i-ontiiiiied no hy- 
droeyanie aeid. 

No ill jiii ions effects could he no- 
lieed mi I he milling (pialities for nil 
dosages nor mi the baking (pialities 
when ilu' single or double reemiimended 
dosage was used. There was a sliglit 
decrease in loal' volume with (he (rij)le 
dose. However, when this sample had 
stood six (lays, the volume came back 
witliin experimental error of llie volume 
obtained from the untreated wheal. 
The ti'Patmenl witli the reemiimended 
dosage showed in most eases a slight 
improvement over the cheek samjde. 

No injurious effects from treated 
wheat or prodnets were ohtiuned in the 
feeding exjieririients, nor was there any 
iiijiiiy to l!ie lilality ns shown in the 
germinalioii tests. There is nothing in 
the data obtained in lliese exjieriiiients 
wliieli indicates that treating wheal 
with ealeium cyanide for piir|)ose of 
fumigation alTetds (he wheat or the 
flour in any way differeni from I hnt 
brought about by fumigation with li- 
rpiid livdroeyanie aeid. These inilling 
and baking tests were made shortly 
after the (reatinent. Tn ordinary 
praetiee, (he wlieat would he milled 
afler n mneli longer time, lienee the 
residual amount of hydroeyanie aeid 
would he miieli le.sa th.ari sliown by the 
data in those experiments. Conseijuent- 
ly there is nothing which indioates that 
(he small residue which is left in the 
wheat is in any way harmful. 


ill every way. 

One inalnre hen, as a cheek, was fed 
iiiilreiitcil wlnde wheat, also liran and 
^iinrU IVmii milreated wheal made into 
a iini-ii with water, and some hutter- 
iinlk. Tilt* other mature hens were 
fed llie same ration excejit that the 
wheat uas treated two days with eal- 
viinii eyaiiide, doiihle dose, ami eon- 
taiiieil at the hegiiining 84.2 jiarts jut 
iiiilliiiii of hydroeyanie aeid. After 
tile diiy.N, wlieat containing 820 parts 
per iiiillioM was fed, but no bran or 
slants. X,i ill et'feets could be noticed 
oil thi'M' hens. Hnih conlimied to lay 
fugs (hiring till' experiment. The feed- 
ing of Iniili til,, baby idiieks and hens 
"a> done by Mr. Hen (Jrosse. 

Mr. K. 4,. Oriffin ami l^fr. 1. E. Noif- 
inl ol the I'liited Stales E)ei)artment of 
Agiienltare liave made determinations 
"II the ab.snrptimi and retention of hy- 
dioeyaiiic ;ici,l wlieii wheat, flour, 
trails and vegetables are fumigated 
"illi this gas. They found no trace of 
liMboryanic acid in flour seven days 
•liter lumigation. Wheat contained 


feeder when tiaiisiVrred from one bin 
to anotlier. For tlic purjmse of deter- 
mining the amount of residual hydro- 
eyanie aeid left in wheat and milled 
prodiiels, ealeium cyanide was mixed 
with wheal in this jMoportion, and also 
in double and triple doses. At tbe end 
of treating |>eriods wbieli were 1, d. :» 
and 7 days, (be wheat was analyzed for 
bydroeyanie aeid. Then it was milled 
and (he milled inodnets analyzed. Hc- 
terminntions were also made tir a.scor- 
tain the rate of di.sa|>|)eftranep from 
wheat and milled prodnets. This was 
done by exjiosing wheat and prodnets 
for definite periods of lime. Baking 
tests were made on Hie fhmr from 
treated wheat. A feeding test was 
made willi baby eliirks and mature 
hens. The treated wheat was also test- 
ed for germination. 

Wheal treated willi the recommended 
do.sages eonlained ji|>|»roximntely bO 
parts hydroeyanie aeid jmt million, the 
bran a similar amount, the .shorts about 
1.') jiarls per million, and Hie flour one 
part. The hydroeyanie aeid disappears 
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PESTS OF THE APIARY 

Cyanogas Calcium Cyanide has recently been found to 
occupy a very definite place among the requisites of the 
apiarist, 

The use of hydrocyanic acid gas in the neighborhood of 
a product such as honey which is to be consumed as food has 
naturally caused inejuiry as to the safety of such a practice. 

The research so ably conducted and reported on in the 
following paper by Mr. (.\ !>. Corkins, State Entomologist 
of Wyoming, has proven beyond a doubt that Cyanogas is not 
only effective in fulfilling its special uses for the keckceper 
but also that it may used without danger of injuring or im 
pairing the flavor of the fumigated honey. 


NEW CHEMICAL FOR BEEKEEPERS 


Calcium cyaniflo 
is a new and most 
useful chemical for 
the beekeeper. In 
Wyoming we have 
used it for five dif- 
ferent purposes dur- 
ing the past three seasons. Listed in the 
probable order of their importance to 
American beekeeping these purposes are: 
First, efficient destruction of diseased 
colonies as the first step in the burning 
treatment; second, fumigation for the 
control of the bee moth; third, destruc- 
tion of wild bees in trees, rocks, and other 
places; fourth, -killing of colonics in fall 
instead of wintering; fifth, control of 
ants in the apiary. 

The active killing agent of calcium cy- 
anide is the deadly gas, hydrocyanic acid 
gas, w^iich is liberated upon exposure to 
the air. Since hydrocyanic acid gas is 
notable as a most deadly, poison to all 
life, two questions immediately arise: 
first, is it safe to use? and second, will 
the honey and combs become contami- 
nated and poisoned? 


In answer to the 
first question, it may 
be said that cal- 
cium cyanide is now 
in general use as an 
insectitcide, bolli for 
indoor fumigation 
and outdoor destruction of certain in- 
sects. In the case of indoor fumiga- 
tion it has largely displaced the old 
sodium cyanide and sulphuric acid meth- 
od of generation of hydrocyanic acid gas, 
because it has taken away most of tlic 
elements of danger in such a practice. 
It is safer to use chiefly for two rea- 
sons. The liberation of -the poison gas 
is slow and gives tlie operator time to 
place the charge and retire from the 
building. In addition to this, there is 
a warning odor with calcium cyanide 
that you do not get in the case of the 
liberation of pure hydrocyanic acid gas. 
The warning odor is due to the genera- 
tion of a small amount of calcium car- 
bide. 

Used in the open air, there is positively 
no danger in handling calcium cyanide if 


By C L. Cor kins 

State Entomologist of Wyoming 

Quick, EfFedive, and Convenient Way 
to Destroy Wax-moth Larvae, 

Bees, or Ants 


*( ilcanings in fkc Culture; X’ol. LI\', .\n. 10, pj). 044-040, Oct. 1020. 
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the ordinary precautions in the use of 
■iiiy poison are employed. Tlie rapid air 
dilution of the slowly generated gas 
makes it perfectly safe to handle, espe- 
cially if one heeds the warnings of the 
calcium carbide odor. Tons of this ma- 
terial are being used by the American 
farmers in the destruction of rodent and 
insect pests with no casualties noted to 
date. 

Effect Upon Honey 

The question of the poisoning of hon- 
ey, either in the destruction of bees or 
the fumigation for the bee moths, and its 
subsequent use as either human or bee 
food is, of course, of the utmost impor- 
tance. As one beekeeper put it, “I am 
sending you a sample of honey from a 
colony of bees killed by the cyanide pro- 
cess. Please eat it and let us know if it 
is all right foV human food.” 

Although there seemed little likelihood 
of the honey being poisoned, we preferred 
to allow a rabbit to bo the martyr to tlie 
cause. As a consequence, 50 ec. of the 
sample were fed directly to the stomach 
of a rabbit through a stomach tube, and 
the rabbit still lives, though that was a 
year ago. 

It was then decided to carry on some 
extensive experiments to settle this ques- 
tion definitely. The honey tested was all 
placed in three-frame nuclei, and these 
in turn kept in an air-tight room during 
the fumigation process, thus giving an ex- 
aggerated effect over outdoor conditions. 
The dosages of the poison were also ex- 
aggerated, so that the least possibility of 
poisoning the honey would be detected. 
Amounts as high as five ounces of cal- 
cium cyanide to a three-frame hive were 
used. 

Three different typos of honey were 
given treatment: namely, sealed honey, 
open cells of honey, and extracted honey 
to which equal parts of water had been 
added. In tho last instance, this 
thinned honey was placed in shallow con- 
tainers so that the honey was in 
depth, thus giving a large surface expo- 
sure as compared to the depth, thus sim- 
ulating a condition of open cells of green 
nectar in tho hive. 

I umigation was carried on for 24 and 
48 hour periods in the closed room at a 
temperature of 18“ to 22“ C. Some hives 
Were given the usual %-inch entrance 
open. Others were closed tight with 
Wrapping paper. Some of tho gas was 
1 erated under normal-air humidity coii- 
uions. In other cases, moistened blot- 
jng paper was used in the hives to raise 
the relative humidity. 

At the conclusion of fumigation, tho 

inimediately cold extracted, 
fl uted with equal parts of distilled wa- 
or and placed in air-tight containers. In ^ 
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the majority of cases, 50 cc. of this 
material was fed to 24-hour-starved rab- 
bits directly through a stomach tube. In 
no case was there thq least discomfort 
displayed, and the university veterinar- 
ian pronounced them all normal. 

A man weighing 160 pounds would 
have to eat a little over two pounds of 
honey at one sitting to have an amount 
proportionate to that given a rabbit of 
average size in the experiment. 

Failing to get any reaction from the 
rabbits by the above methods, pure hv- 
drocyanic acid gas was bubbled through 
honey diluted as above, and 50 cc. fed 
after exposure to the air for thirty min- 
utes. This produced violent convulsions 
in the rabbit, but first-aid treatment pre- 
vented death. This was the particular 
rabbit that went through the original ex- 
periment, taking my place as the patient. 

No Danger of Poisoning Honey 

These results of the experiments, 
showing that there is no danger of pois- 
oidiig honey in the ordinary fumigatio)i 
with calcium cyanide, were much as ex- 
pected. All of the salts of cyanide are 
unstable and quickly broken down in the 
presence of the weakest acid. If the 
cyanide were actually absorbed in the 
honey, it »would doubtless mean the for- 
mation of some one or more of its salts. 
Such would be prevented by the acid re- 
action of ail honeys. In the case of the 
experiment where the gas was passed 
through the honey, it doubtless would 
have been harmless if allowed to stand in 
a shallow dish in the open air for some 
time, or heated, as would be the case 
with foul honey before being used as a 
bee food.. 

It should also be further said that this 
method of fumigation is now a standard 
practice in restaurants and other places 
where food is exposed to the gas, and, 
even when little or no precaution is tak- 
en, the foods aro found not to be harm- 
ful. 

It would seem rather certain, then, 
that honey e.vposcd' to any of our prac- 
tices of calcium cyanide fumigation can 
be safely used as either a human or a 
bee food. Our practical experience, as 
well as experimental data in Wyoming, 
supports such a statement. 

Use in Destroying Diseased Colonies 

Now for methods in the use of calcium 
cyanide by the beekeeper. Its use for 
the destruction of diseased colonies prior 
to burning seems to me to be of pri- 
mary importance because in the destruc- 
tion of a diseased colony by a novice 
there is many an opportunity to scatter 
infection. By the sulphur, formaldehyde, 
or other usual methods of killing the col- 
ony, there is every possibility in the 
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world for either nurse or field bees, en- 
gorged with diseased honey, to get out 
of tho hive and wander into a healthy 
colony. Far more danger of spreading 
disease is apparent in the method of 
throwing the hive-bodies containing live 
bees onto a raging fire, even though this 
be done at night and tho entrance first 
closed. 

By the calcium cyanide method thei'* 
is not the least danger of getting live 
bees into the air, if properly handled. 
Wherever possible, the bees should be 
killed at night when all are in and quiet. 
About a tablespoonful of “G’’ grade cal- 
cium cyanide granules are spread out on 
a cardboard, and slipped into the en- 
trance of the hive. Thd entrance is then 
closed. In five minutes, or less, the bees 
are all dead and the hive may bo thrown 
onto the fire. In doing this, great care 
should be exercised not to lose any of tho 
dead bees out of the hive, -as disgorged 
droplets of diseased honey may bo left 
on the tongues of tho dead bees and these 
miglit be picked up by healthy b(M.*s dur- 
ing the robbing season. 

Some commercial beekeepers with 
many out-yards at considerable distances 
can not afford to go back to the yard at 
night just to kill a few colonies. In this 
event the bees may be killed during the 
day at the normal time of visitation of 
the yard for manipulation purposes. How- 
ever, one should cyanide the diseased 
colonies immediately upon arrival at the 
yard. Give a double dosage ami leave 
the entrance open. Then, during the 
course of the hour or more that may be 
required for other work in the yard, the 
nurse bees th.it may have boon out on 
^*play flights” Avill have entered the 
colony and have been, killed. Theoretic- 
ally the field bees which may retiiri) 
later are sterile and will do no harm if 
they enter healthy colonies. After the 
killing operation, any dead bees found 
around the outside of the hive should 
be covered up with dirt. 

In the case of killing healthy bees, tho 
method is naturally the same, except 
that the ordinary precautions against 
outside bees need not be taken. 

Use in rumigating Combs 

Fumigation of combs to kill the bee- 
moth may be done by stacking the hives, 
if they aro fairly air-tight, and placing 
the dosage at the bottom of the stack, or 
by stacking the supers crisscross in ;i 
tight building, and sprinkling the cal- 
cium cyanide out finely on newspapers 
placed here and there about the building. 
In either event, the operator should leavo 
the building as soon as possible and loch 
all doors and mndows. After a twenty- 
four-hour treatment, open the building 
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sufficiently to give a draft and do unf 
cuter for two or throe hours. 

For stacked-sup.cr fumigation, use ut 
the rate of four pounds to 1000 cubic feet 
of space. Half as much will suffice for 
tight-house fumigation. These dosages 
will kill bee-moths in all stages. 

For tho destruction of wild bees in 
houses, trees, rocks, and other cavities, 
a small hand dust-gun to force the dust 
in under pressure is used. Each of the 
inspectors in Wyoming is equipped with 
such a dust-gun, and wherever wild bees 
are discovered they are killed, and, if 
possible, tho entrances closed. A hun- 
dred and thirty wild swarms were thus 
treated in one county last season. This 
will help to reduce the menace of wild 
bees in the distribution of disease. How- 
ever, this situation can not be entirely 
handled by inspectors. Tho method is 
here discussed in the hope that it will 
enlist beekeepers to use it in co-opera- 
tion with tho inspectors to eliminate us 
many wild bees as possible. In the in- 
termouutain region, at least, these bees 
are a serious factor iu the control of 
American foul brood. 

Use in Destroying Ants 

This same calcium cyanide is perhuits 
tho most satisfactory chemical used for 
the control of ants in the apiary. Out- 
yards aro most often bothered with 
mound-building ants. To kill these, open 
up the mounds witli a spade, throw in 
two or three tablespoonfuls of the cya- 
nide, and throw the mound contents back 
over it. In a few cases the treatment 
may have to be repeated. Do not use 
this close to the entrance of a beehive 
or bees will be killed. In the case of the 
burrowing ants with small colonies, this 
treatment is not so satisfactory. How- 
ever, with due, diligence, their homes 
may all be found and cleared out by the 
same treatment as with the mound 
building ants. 

Calcium cyanide is now readily oh 
tainable on the commercial markets. The 
‘^G” grade granules are satisfactory for 
all uses to which tho beekeeper may 
wish to put to it. Keeping a five-pound 
can on hand is becoming a general prac- 
tice among Wyoming beekeepers, and 
will doubtless become nearly universal. 

Laramie, Wyoming. 

[Every year new methods and conve- 
niences such as this are being brougld 
out, which greatly lighten the beekeeper s 
work. At the same time, each new" de- 
velopment, as a rule, calls for greater 
skill and intelligence to put into opera- 
tion. Calcium cyanide should be a great 
boon to beekeepers, but it must bo han- 
dled with great care. Thus the industry 
gradually becomes more and more tcc^ 
nical, requiring greater and greater skn 
and intelligence. — Editor.] 
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House Flies 

An interesting development in the utilization of Cy- 
anogas Calcium Cyanide is the application of “A’’ Dust for 
the fumigation of such types of buildings as dairy barns, 
stores, hogfeed rooms, etc., to control house flies. By using 
amounts small enough to be within range of safety to the 
operator and at the same time great enough to result in a 
lethal dosage for the flics, very satisfactory results have been 
obtained as may be seen from the following paper by Pro- 
fessor C. O. Eddy, reprinted from the Journal of Economic 
Entomology, V^ol. 20, No. 2, pages 270 to 280, April 1027. 

The accompanying photograph from the South Carolina 
Agricultural hExperiment Station Bulletin No. 227 '‘iiousc 
My b'umigation in Certain Types of Buildings” by C. (). 
Eddv, April 1927, illustrates the method of applying Cv- 
anogas ‘"A” Dust for this purpose. 



I’h;. 1.- a. J\jiiring (Ailciiim Cv'Hiidc on C'uiipcd Cardboard. 

P). d'hrowin;.^ lliu Hnst. C\ d'hu Dust Cloud. 

CYANOGAS CALCIUM CYANIDE FOR HOUSEFLY FUMIGATION 
IN CERTAIN TYPES OF BUILDING 

By C. O. Edd’\', S. C. Experiment Station 
Abstract 

Hydrocyanic acid gas derived from Cyanogas calcium cyanide has proven an 
effective and economical fumigant for houseflies at Clemson College, S. C., during 
the past season, especially in large rooms such as dairy bams, stores, shops, labora- 
tories and under certain conditions in homes. The calcium cyanide was usually 
applied as a dust cloud thrown vigorously and horizontally from a cupped stiff 
paper held in the hand. In homes, feed rooms for animals and in other rooms where 
a dust cloud could not be used or where it was not advisable to have the dust fall to 
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the floor, the calcium cyanide was applied as a thin film on papers placed in several 
parts of the room. The normal dosage used in commercial control ranged around 
Yi ounce per 1000 cubic feet, being slightly less in large rooms with very little leakage 
and more as the leakage increased, the increase being greatest in the smaller rooms. 
Night fumigations were more convenient and were usually more effective. The 
evolution of the gas from the dust clouds was slow enough to allow sufficient time for a 
thorough application, and the concentration of hydrocyanic acid gas necessary for a 
lethal dosage for flies is low enough to allow a considerable margin of safety for 
the operator. 

In spite of the fact that it is better to control the maggots of the 
housefly it is often desirable and sometimes very necessary or urgent 
to control the adults. The latter condition prevailed at Clemson College, 
S. C., due to the great abundance of houseflies that existed throughout 
the last season. Experiments were therefore conducted to determine an 
economical method of control that not only could he easily applied but 
would be adaptable to large scale control. Traps and poison solutions 
had but very little value. Black Flag, commercial pyrethrum and the 
more recently developed oil sprays had their usefulness under certain 
conditions but their cost was high. 

The experiments reported in this paper represent results for only one 
season but they were so highly satisfactory it is thought that they will 
be interesting and useful to other Entomologists. These results were 
obtained 4uring a hot and very dry summer. The former, at least, may 
be considered a favorable condition for Cyanogas calcium cyanide as 
an insecticide. 

Object 

The object of the experiments reported in this paper was to determine 
the value of hydrocyanic acid gas derived from Cyanogas calcium cyanide 
as a housefly fumigant. 

Method of Application 

Nearly all of the calcium cyanide used in the housefly control tests 
reported was applied as a dust cloud without the aid of a dust gun. 
Small amounts of calcium cyanide were successively poured on a strong 
paper or cardboard that was slightly cupped as it was held in the hand. 
Each portion of dust was then thrown vigorously and horizontally from 
the operator so that a dust cloud was formed. The dust was distributed 
as evenly and uniformly throughout the rooms fumigated as conditions 
would permit, care being taken that the operator would not have to 
walk through the dust cloud. The operator has, however, walked 
through these dust clouds but has always held his breath when doing so. 
The gas from these clouds of dust spread slowly enough so that there 
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was always sufficient time to make a thorough application of the poison. 
The evolution of the gas from the cloud of dust also takes some time, 
which in addition to the diffusion of the gas in the air, adds to the safety 
of applying the dust. The question of the margin of safety relative to 
the concentration of hydrocyanic acid gas necessary for a lethal dosage 
to flies is included in the section “Discussion.” 

In certain shops, feed rooms for animals, and other rooms where a 
dust cloud could not be used or where it was not advisable to have the 
dust fall to the floor, the calcium cyanide was applied as a thin film 
on papers placed on the floor so that the hydrocyanic acid gas would 
uniformly diffuse throughout the room. 

Preliminary Tests 

A few tests were conducted in a large laboratory in the Agricultural 
Building where a considerable number of houseflies accumulated each 
day. This room contained 18,772 cubic feet. It had plastered brick 
walls and well -fitted windows and doors so that the amount of leakage 
was small. The tests were usually started at night after the flies had 
collected in the upper portion of the room and discontinued the ne.xt 
morning. Rooms were well ventilated when opened but were occupied 
at once. 

A dosage of eight ounces of calcitmi cyanide per 1000 cubic feet was 
used in the first test. This gave 100% control. A dosage of H ounce 
per 1000 cubic feet was then used and many flies survived but enough 
were killed to indicate that the first dosage was far too high and that a 
small dosage would probably be sufficient. Three-fourths of an ounce 
of calcium cyanide was then used and 100% control was again secured. 
Other tests gave results as follows: .30 ounce gave 100% control, .27 
ounce gave 9S%, control, .24 ounce gave 99% control, and .14 gave from 
00% to 70% control. These results indicated that a dosage of slightly 
less than yi ounce calcium cyanide per 1000 cubic feet could be used 
for night fumigation in relatively large rooms having very little leakage. 
In practice yi ounce per 1000 cubic feet was used in this room to obtain 
control. 

It was found in certain e.xperiments started before the flies were all 
m the upper portion of the room, that those concealed in waste paper 
baskets or other low places often did not receive a lethal dosage. These 
slowly recovered and were active for a time at least. This indicates 
that places concealing or protecting flies should have a small portion 
of the dust scattered in or about them. This will either kill the flies 
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in situ or drive them out to be killed as they fly in the greater concentra- 
tion of gas in the higher parts of the room. 

The expended residue on the concrete floor was swept up the next 
morning. This was done by the negro janitor who experienced no 
discomfort. 

Cage Tests 

In order to study the effect of the distribution of gas concentrations 
in different parts of a room being fumigated and the consequent effect 
on houseflies, fumigation tests were conducted in several laboratories 
where flies were confined in wire cages placed in different situations. 
Since the previous experiments primarily concerned flics in the upper 
portion of the room., this test was conducted chiefly to determine the 
effect on those in the lower spaces — 9 feet and below. 

The cages were built of 16 mesh screen wire, 18 inches in height, 
15 inches in diameter and with a solid top. Between 100 and 200 flies 
were caught in each cage by swinging it through their swirling masses, 
in a feed room where they were abundant. Cloth was then tied over 
the ‘bottom to prevent escape. Three of the cages containing houseflies 
were usually placed in each room to be fumigated, one being placed on 
the floor, one on a table or cabinet with a large top and the third on an 
electric light cord about 9 feet from the floor. Cages were read about 
two hours after the tests were discontinued. 

The cage experiments were conducted with varying dosages and time 
exposures. With a dosage of one ounce of calcium cyanide per 1000 
cubic feet the control approximated 100% with the exposures of one, two, 
three, and five hours. The variation in control was very little and was 
not correlated with the duration of exposure. 

With a dosage of X ounce, J /2 ounce, or ounce in the same situation, 
however, the longer exposures were more effective. The five hour 
exposure was thus more than twice as’ effective as the one hour exposure. 
The and ounce dosages gave commercial control since they gave 
92% and 96% control respectively in the long period tests. In short 
tests they were inadequate for these low cages. For night fumigations 
when the flies were in the upper portion of the rooms the results might 
have been better. The ounce dosage per 1000 cubic feet was not 
adequate for control even during the long exposures. 

When one ounce of calcium cyanide was used per 1000 cubic feet the 
results in control obtained in cages at different elevations and in different 
situations were very uniform. With the lower dosages, however, the 
contrast was more evident. The highest cages when hanging free in 
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space had the highest per cent of dead flies. Cages on tables with large 
tops, on cabinets especially in comers, or near windows often gave less* 
control than that secured in cages on the floor. This indicates that when 
fumigation is done in the da 5 dime, at least, a small portion of the dust 
should be scattered in places where the gas does not circulate well, 
especially if flies are present in these places. 

One series of tests was conducted in a small dark room which was 
unusually high in proportion to the floor size. Control in this room was 
always very poor. It was thought at first that the damp unplastered 
brick walls might have been a factor. However, a test was being con- 
ducted in another dark room of normal proportions where the walls were 
unplastered and as « moist but where the control secured was uniform 
with that in the other rooms. It seems, therefore, that because of the 
unusual height of the room in contrast to its width and length, the 
hydrocyanic acid gas rose quickly to the upper portions of the room so 
that, only a very small amount of it diffused through the air in the lower 
part and this was not effective against the flies which were in cages on 
or near the floor. Thus it may be necessary to increase the dosage in 
rooms that are excessively high in proportion to floor size, especially if 
the fumigation is done during the day. 

All of these tests were conducted . in basement laboratories while the 
rooms above were occupied. The only ceiling leakage was around pipes 
that went through to the rooms above. This leakage was never noticed. 
When rooms were opened after a test some gas escaped into the hall 
which rose to the third story but this never caused any inconvenience 
or interfered in any way with the work on that floor. 

Tests in Stores 

A series of tests was conducted in several grocery stores, restaurants, 
and drug stores including both brick and frame stmctures. The volume 
of the rooms fumigated usually ranged from 10,000 to 15,000 cubic feet. 
In order that the first experiment might be certain to give satisfactory 
control one ounce of the calcium cyanide per 1000 cubic feet was used. 
This gave 100% control, as far as could be ascertained. In the later 
tests the yi ounce dosage was used. The control secured was always 
100% or very near to it. In one very irregular comer room with many 
windows and doors a very few flies often escaped when this dosage 
was used. 

Flies caught between screen doors and the main door should be driven 
out before the fumigated rooms are entered. 
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The owners and managers of these stores were enthusiastic about the 
economical and satisfactory housefly control so easily obtained. They 
often asked for additional fumigations. 

Hog Feed Room 

A feed room for hogs of about 1000 cubic feet capacity was fumigated 
a number of times for flies that accumulated in immense numbers each 
day. It was estimated that 400,000 flies were in it during each fumi- 
gation. The room was a frame structure with Weatherboards on the 
outside and ceiling on the inside. Two single windows and a door 
occupied three sides. There was a large amount of leakage, part of which 
was closed with wet paper and burlap. The calcium cyanide was applied 
as a thin film on newspapers. The results of these fumigations may be 
summarized as follows: .54 ounce of calcium cyanide per 1000 cubic 
feet gave 50% control of the flies, 1.50 ounce and 2.18 ounce dosages 
gave 99.9% control and the 3.27 ounces gave 100% control. The one 
ounce dosage gave commercial control, as in any case it was necessary 
to repeat the control very often due to the fact that great numbers of 
flies entered during each day. On windy nights the loss of gas on the 
windward side was very great, so this may have accounted in part for 
the necessity of so high a dosage. 

House Fumigation 

A little additional information was derived by using calcium cyanide 
in the home of the writer. The dust was applied on newspapers in every 
case. The dosage was higher because the building was a frame structure 
and the ceiling above loosely fitted. 

Fumigation tests were conducted when rooms below and adjacent 
were occupied. No tarnishing of walls, or household equipment was 
ever noted. 

Dairy Barns 

Fumigation tests were usually conducted at the dairy bams at night, 
after the stock had been turned out, beginning about 10 F. M. and being 
discontinued about 4 A, M. The illustration, Plate 5, shows the inside 
of one of these bams. It has three large ventilators about two feet 
in diameter, a large number of windows fitted only moderately tight, 
one set of large double sliding doors at either end in the middle and a 
double height door at one end in each comer. A very large amount 
of leakage occurred around the doors and some aroimd the windows but 
this did not necessitate the increase in dosage as it did in the small rooms. 
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The voktme of each bam was the same, — 64000 cubic feet. The 
calcium cyanide was dusted unifonnly in the three longitudinal alleys 
and at the ends. In this room much of the dust cloud remained sus- 
pended for some time, som.e of it even rising several feet and spreading 
so a very thorough mixture of dust and air took place. This resulted 
in a rapid evolution of the gas that spread to all j^arts of the room. 

A preliminary test using one ounce of calcium cyanide per 1000 cubic 
feet was first run without the ventilators being closed or the windows 
being repaired in order to determine wfiiethcr control in these large 
rooms would be possible. The test w^as highly satisfactory, nearly all 
of the flies being killed, so the ventilators were closed and the broken 
window panes replaced. The dosage was then decreased to ounce 
and, again, nearly all of the flies were killed. The flies that escaped 
were chiefly around the windows but many of the flies even in these 
situations w^re killed. Nearly all the flies were on the ceiling at night, 
however, so those that did not receive lethal dosages were few. 

A dosage of three-fourths ounce with the ventilators open did not 
give as good control as the half ounce dosage with them closed. 

When fumigations were conducted during the day some flies escaped 
through the leakage around the doors at the ends. Some of the flies 
near the doors recovered since the toxic gas was around them but for 
a very short time. Flies in mangers were killed not only more slowly 
than those on the ceiling but some recovered from the paralysis while 
a few were only partly affected . 

The ounce dosage was used to control flies in the bams in a com- 
mercial way after the experiments were discontinued. 

Prior to these experiments Black Flag was used twice per week, the 
application being made from a rotary gun. The duster was operated 
by a man on top of a tower built on a feed tmek that was pushed along 
the feed alley in the center of the room. The Black Flag cost S2.50 
to $3.00. The cost of the two pounds of calcium cyanide for the one- 
half ounce dosage was 50 cents which represents one-fifth or one-sixth 
that of the Black Flag fumigation for materials alone. These prices 
are based on large quantity purchases in both cases. In addition the 
use of the dust gun and services of the extra man were eliminated. 

Discussion 

In using calcium cyanide the dangerous properties of the gas evolved 
should be constantly in mind in spite of the fact that the margin of 
sa ety in the concentration of the gas used is considerable. In the 
oumal of Agricultural Research Vol. XI No. 9, 1917, DeOng says that 
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the concentration of hydrocyanic acid gas necessary to kill houseflies 
100% effectively with an exposure of one hour, is .0046%. This is 4.6 
parts per 100,000 of air. Various percentages of the flies were killed 
with lower concentrations of the gas. 

The toxicity of HCN depends chiefly upon two factors: concentration 
and length of exposure. When liquid hydrocyanic acid gas or HCN 
generated from sodium cyanide by means of sulfuric acid and water 
is used, the initial concentration is high. With calcium cyanide these 
high concentrations are not reached duetto the slow evolution. Theo- 
retically, calcium cyanide at a rate of 1 lb. per 1000 cubic feet of air 
space should produce a concentration of 300 parts per 100,000. 

It has been shown by actual experimentation that less than of 
this amount is present in the air at any one time when this dosage is 
applied as a film on the floor. On this basis, the concentration from 
the house fly dosage — oz. per 1000 cubic feet— would not be more 
than 3.1 parts per 100,000 at any one time, at least near the floor, and 
would be less than that during most of the fumigation. The concentra- 
tion near the ceiling and in the dust cloud itself was imdoubtedly higher, 
as the flies were killed, but even here the margin of safety to man would 
be great. 

Due to its great properties of diffusion, HCN soon becomes dissipated 
even m comparatively tight buildings. It was largely due to this reason 
that HCN was not successful as a war gas. The danger due to the 
presence of gas in rooms fumigated at the low dosages recommended 
at the time of airing out would be very slight. 

Since the concentration of the gas near the floor is never high except 
for a very brief time, this increased the margin of safety still more. 

In the Journal of Hygiene Vol. XXI No. 3, May 1923, Liston'& Gor^ 
state: . . .it is difficult to obtain a sufficient concentration of the 

gas in the open air to poison men. It is pointed out that this experi- 
ence accorded with that obtained during the war when hydrocyanic 
acid gas was used as a poison gas. It was stated that men are compara- 
tively less susceptible to the poison than animals. Birds, for example, 
are very susceptible. Among mammals, dogs are killed in half an hour 
when exposed to about 8 parts of gas in 100,000 parts of air; cats require 
12 parts; rabbits, 15 parts; rats, 20 parts to kill them; while goats and 
monkeys require nearly 25 parts. A man requires at least as much as 
a monkey to kill him.” According to this it then requires several times 
as great a concentration of the gas to kill goats, monkeys and probably 
man as to kill flies. 
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Liston and Gor^ further state: . . . In low concentrations the 

gas causes a very disagreeable sensation in the throat and eyes so it is 
avoided by persons brought in contact with it. A man becomes un- 
conscious only when exposed to higher concentrations, and, if the 
concentration which just causes unconsciousness is not increased, a 
comparatively long latent period supervenes before death. A person 
who becomes- unconscious when’ exposed to moderate concentrations 
of hydrocyanic acid gas recovers rapidly when placed in the open air. 
The gas acts much like an anaesthetic such as chloroform. However, 
exposures to high concentrations may cause instant death, probably 
through action on the heart.’* 

If slight effects are ever felt when handling the calcium cyanide they 
can be counteracted by occasionally inhaling ammonia or ammoniiun 
carbonate. 

In fumigating the stores six mice were killed by the one ounce dosage 
in one room, one in another and still another in a third room. Two mice 
were killed in one store with the one-half ounce dosage. One rat was 
killed during the tests at the laboratories. The control of rodents can 
be facilitated by distributing some of the dust near the places where 
they are or may be concealed without in any way reducing the efficiency 
of. the housefly control. Bats were also quickly killed. 

While the figures of paragraph 3 under “Discussion” are only approxir 
mations, they show that, when the Yz oz. dosage is used, the concentra- 
tion of gas required for the 100% kill of flies as derived by DeOng does 
not occur near the floor for a very long period at least and then possibly 
not uniformly. The gas, however, does become concentrated in the 
places where flies congregate for the night and if the rooms are reasonably 
tight will go above the 3.1 and probably above the 4.6 parts per 100,000 
of air since they are effectively killed. 

A dust gun may be used in applying the dust but it is not necessary. 
In case a dust gun is employed it should be thoroughly cleaned each 
time after it is used in order to prevent corrosion. 

Domestic animals were never kept in the buildings during any of the 
fumigations and fumigations should never be conducted with these present. 

That the greatest kill occurred in the first half hour was shown from 
observations made through the windows. Where conditions are such 
that only a few hours are available for fumigation, exposures of two 
hours for large rooms should give good results. 
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eddy: calcium cyanide for house flies 
Conclusions 

1/ The experiments reported indicate that at least for the conditions 
that prevailed at Clemson College, S. C., during the last summer, the 
dosage of calcium cyanide needed in housefly fumigation ranges ar^d 
^ ounce per 1000 cubic feet, being slightly less in large rooms with very 
little leakage when fumigating at night when the flies are in the uppfer 
parts of the rooms and more as the amount of leakage increased, the 
increase being greatest in the smaller rooms. During the day the flies 
are likely to be in lower and more protected places .and an increased 
dosage may'be necessaty especially for small spaces. Very large rooms 
even with considerable leakage can be successfully fumigated mth the 
yi ounce dosage, but smaller rooms of similar structure often required 
the one ounce dosage and sometimes more. It is believed that a dosage 
will have to be derived for each situation according to size and shape 
of the room, the amount of leakage in the walls and perhaps other 
factors. The yi ounce dosage should prove a good basis for the first 
estimate with conditions similar to those in these experiments. 

2. The margin of safety seems to be very great both from the practical 
and from the theoretical. standpoint. Dosages higher than one ounce 
per 1000 cubic feet would probably never be warranted and should not 
be used unless further tests indicate them to be practical and economical. 

3. Domestic animals should not remain in the rooms being fumigated 
in spite of the fact that the concentration of the gas might not constitute 
a lethal dosage. Canaries, however, would probably be killed while 
dogs which are very susceptible to HCN also might be. Rats, bats and 
mice were killed in the experiments. 

4. Fumigations at night are usually more effective and more con- 
venient. 

5. Better results were usually secured in experiments where the 
cloud method of application was used rather than the film method. 

0. Scattering some of the dust around places that may conceal 
rodents will give better kill of rats ind mice and will not decrease the 
control of the houseflies, 

7. Care should be taken in handling the calcium cyanide to prevent 
loss of the gas and to prevent corrosion of metal surfaces with which the 
dust may come in contact. 

This method of housefly control is especially useful in large rooms 
such as dairy bams, stables, stores, bakeries, packinghouses, store-rooms 
and in many other places where other methods of control are not practi- 
cal and economical. 



3-88 


280 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 20 

9. While preliminary tests showed that this method might be appli- 
cable to household use under certain conditions, it should not be recom- 
mended generally for this purpose. The possibilities of unfortunate 
circumstances arising from placing the material in the hands of people 
unacquainted with the nature and use of poisonous insecticides is far 
too great to warrant its recommendations for this use. 


Mr. Perez Simmons : Are there any advantages in scattering the dust 
through the air to spreading it on the floor ^ 

Mr. C. 0. Eddy: We seemed to get more effective control from using 
the dust. I don’t know what all the factors invok ed are. but possibly 
there is more gas involved. Anyhow in the comparison of the different 
experiments we got better results from those. 

Mr. Perez Simmons: In using it in restaurants, wouldn’t it upset 
the whole place? 

Mr. C. O. Eddy: In restaurants we usually do use it as a film on 
papers on the floor. 

Mr. G. a. Dean. The Dairy Husbandry Department of the Kansas 
State Agricultural College has been practicing for some two months 
by using the dust in their big milk house. They simply close the build- 
ing up tightly just a few minutes before they are ready to bring the 
animals in and start down at one end with the dust gun and go clear 
through to the other end. Then they bring in the milch cows. They 
don’t sweep up the dust or anything. There is no inconvenience to any 
of the animals. The flies do not bother the animals. 

Another interesting thing that developed there is that after they 
have opened the house and are in there milking the cows, the flies light- 
ing on the walls and around are still being killed. I just suggest that 
there is an adsorption of gas by the plaster there, or by the wood, that 
is still killing flies after the place has been opened. 

Mr. C. O. Eddy: There is one thing I did not mention and that is 
in the fumigation in the dairy barn the cost was reduced by one-fifth 
or one-sixth in comparison to the use of pyrethrum which was used prior 
to the starting of these experiments, and so the dairy barns began to use 
the calcium cyanide entirely in place of the pyrethrum and did away 
with the use of the dust gun. We found it was not necessary, although 
it is perfectly all right to use it. 

Mr. C. a. Weigel: How long a barn was it? 

Mr. C. 0. Eddy : About 60 feet long, I would say, and some 25 feet 
high. 


Issued Mtiy 25th, V)H . 



Gyanogas Calcium Gyamdk 

FOR THK 

F'umigation of F1.0UR Mills 

Hy 

Stanley W. Bromley, Entomologist 
American Cyanamid Sales Company 


INTRODUCTION 

Fumigation with hydrocyanic acid gas has, for a number 
of years, been recognized as a standard method of controlling 
insect pests in flour mills. The rapidity with which this gas 
destroys insect and rodent life, and the speed and convenience 
attendant upon its use have been important factors in its wide- 
spread adoption. This (juickly-acting toxicity, however, with 
the consccjuent danger to the operator has been in the past a 
factor which has impeded the development of its use where 
there is any possibility of its affecting human life. 

A method whereby hydrocyanic acid gas might be intro- 
duced into a space to be fumigated in such a way that a lethal 
concentration of the gas would not be rapidly reached, was a 
great desideratum. Of all the cyanide compounds which could 
be utilized for this purpose, Gyanogas Calcium Cyanide — due 
to its property of liberating hydrocyanic acid gas compara- 
tively slowly upon exposure to atmospheric moisture- seemed 
to possess this desired quality to the most promising degree. 

A method of application which might be employed by 
the miller, himself, was desired, and it was for the fumigation 
of the small mill — for which Gyanogas appeared particularly 
adapted — that the tests were conducted. 

A series of tests to determine the efficiency and practic- 
ability of Gyanogas for this purpose were conducted by the 
writer in cooperation with certain experimenters during the 
1927 season. To the various workers who have cooperated in 
ffiese tests, the writer wishes to express his sincere gratitude. 
The data and conclusions obtained from these tests together 
With data obtained from certain other tests are presented in 
ffiis paper. 
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PRINCIPLES OF HCN FUMIGATION 

In all types of mill fumigation where HCN is the fumi- 
gant, the fundamental principles are the same, regardless of 
the source of the gas whether it be potassium cyanide, sodium 
cyanide, liquid HCN, or calcium cyanide. These general 
principles may be classified under the following headings: 

1. Leakage 

2. Penetration 

3. Temperature 

Leakage. Hydrocyanic acid gas has great powers of dif- 
fusion and will ‘deak” out of a building rapidly if any open- 
ings are present leading to the outside air. Where excessive 
leakage occurs, the inside concentration of gas may be so re- 
duced that a failure to obtain a kill of the insects may result. 

Leakage is a variable factor, depending largely upon the 
construction of the building. A modern cement building may 
be so tight as to require very little extra labor in sealing 
whereas an old wooden building may be so loosely constructed 
as to be unfit for fumigation unless a great deal of work is 
expended in scaling it. Labor expended beyond a certain point 
in making a building tight is, however, hardly warranted. 
Under average conditions, it is not necessary to seal over un- 
broken windows; but all cracks and spaces in the walls leading 
to the outside, all broken panes of glass, vents, spaces between 
doors and floors, around window frames and similar locations 
should be sealed over with paper. Blocking such openings 
with burlap or sacking docs not make them sufficiently tight. 

In some cases, particularly around basement doors, a few 
shovelfuls of earth were thrown around the door, closing the 
space between the door and the floor. 

Penetration. It is a well known fact that HCN penetrates 
flour with difficulty and insects hidden in flour beyond a cer- 
tain depth usually survive a fumigation. 

Dean (Kansas Agricultural Plxperiment Station Bulletin 
No. 189, July, 1913, p. 190) states that in mill fumigation, 
‘‘HCN will not penetrate flour and mill products much be- 
yond one inch, and in many places, particularly near the floor, 
not even one inch.” 

The necessity of thoroly cleaning the mill, prior to the 
fumigation is therefore very evident. It is the experience of 
professional fumigators that the principal cause of unsatis- 
factory fumigations is the lack of adequate cleaning of the 
mill previous to the fumigation. 



7-,l A ( (uintry l■■|ln^r .Mill in tlic l•■.astcnl I'nittd Stalci-. 
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Interior of a Sniall Mill. The Machinerv i.s generally infe.sted 
Mediterranean Flour Moth and the fon’fused Flour' Beetle. 
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To insure as complete a cleaning as possible, the mill 
should be gone over thoroughly and all webbing, waste, and 
refuse flour in elevators, boots, packers, purifiers, conveyors, 
reels, sifters, etc., should be removed from the mill and 
burned. The machinery should be run empty for thirty min- 
utes and the conveyors and boots blown out by compressed air. 

The same principle applies to the penetration of closed- 
off compartments, hlxperience has shown that insects in parts 
of the mill machinery which were not opened up, fre(]ucntly 
survive. To insure kills in such locations, every part of the 
mill machinery should be opened up to allow direct access 
of the gas. Every slide door, conveyor top, cap, and panel 
should be opened or removed. 

In general, the removal of the elevator heads is not ad- 
vised where the sodium cyanide method is used as the hot gas 
rises rapidly up the elevators and forms a strong concentration 
at the heads. In the Cyanogas tests, the elevator heads were 
removed in some cases and in others, not. It was concluded 
that where a heavy infestation of the Flour Moth occurs, it 
would be advisable, particularly in the case of wooden tops, 
to remove the elevator heads and place them on the floors 
where Cyanogas may be applied directly into them during the 
spreading. After the fumigations, the elevator heads were 
then thoroughly cleaned before replacing. 

Temperature. The higher the temperature, the more 
quickly arc insects killed by HCN. This is supposedly due 
to the increased activity and rate of respiration brought about 
by heat. Best results arc obtained when the temperature is 
65 F or over but fumigations with HCN may be conducted 
with a reasonable assurance of success whenever the tempera- 
ture is high enough for the insects to be in an active state. 

ADDITIONAL FACTORS AFFECTING THE USE 
OF CYANOGAS 

In addition to the factors just considered, (1) Relative 
Humidity and (2) Distribution of material must be consid- 
ered where Cyanogas Calcium Cyanide is employed. 

Relative H timidity \ The rate of evolution of HCN from 
Cyanogas Calcium Cyanide is dependent upon the relative 
humidity. As may be seen from fig. 1 — Section G page 5, 
when the relative humidity is 35/1 or below, the evolution of 
HCN from Cyanogas is considerably reduced. In many mills, 
the air is very dry and in some cases would be even under 
35%. Where a low humidity occurs, it is advisable that some 
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means be taken for increasing the humidity. Experiments on 
this point were conducted and it was found that the relative 
humidity in a mill might be increased somewhat by either 
sprinkling water over the floors 2 or 3 hours before the Cy- 
anogas was applied or by hanging up about a dozen moist 
sacks to a door in the building about 3 hours previous to the 
fumigation and closing the mill to hold the moisture. 

The top door is usually the driest and in many cases this 
may be the only door re(]uiring an artificial increase in hu- 
midity. 

In a tight, modern, cement building, raising the humidity 
is rarely necessary as the relative humidity will rise consider- 
ably following the closing of the building. The accompany- 
ing chart (Tig. 6-3) plotted from data obtained by Mr. 
Schenk at Kansas City brings out this point. Here are repre- 
sented relative humidity data taken at intervals both inside 
and outside a mill which had been closed as if for fumigation. 
No artificial means of increasing the relative humidity was 
employed. 

Dislrihntion of Material: xAs the liberation of HCN from 
Cyanogas is dependent upon the atmospheric moisture, it fol- 
lows that the greater the surface exposed, the more complete 
will be the reaction. F"or this reason, it is necessary that Cy- 
anogas be spread very thinly and evenly so that the maximum 
ediciency may be obtained from the material. 

EXPERIMENTAL FUMIGATIONS 

The experimental fumigati(nis are summarized in 
Table 1. 

Idle insects encountered in these tests were the principal 
mill insects of economic importance and included the fol- 
lowing: 

The Mediterranean Flour Moth (Kphestia kne/iniella 
Zell.) 

The Confused Flour Beetle ( Triholiiini confusum Duv.) 

The Rust- Red Flour Beetle ( 'rriholiiini ferriKjineinn 
Fabr.) 

The Caddie {'I'enehroicles niauritanicus L.) 

The “Meal Worms” (Tenebrio mol I for L. and T. ob- 
sciirus Fabr.) 

The Saw-toothed Grain Beetle {Oryzaephilus Surinam- 
^"fisis L.) 

The Square-necked Brain Beetle (Silvanus yemellaiiis 

Huv.) 
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The Flat Grain Beetle ( Crypturtjus pusillus Gyll.) 

The Black Fungus Beetle (Alphitohius piceus Oliv.) 

The Two-banded Fungus Beetle (AlphiiopluKjus hi fasc- 
ial us Say.) 

The Drug Store Beetle (Sitodrepa panicea L.) 

The Black Carpet Beetle { Atfagenus piceus Oliv.) 

The Larder Beetle { Desniestes larJarius 1>.) 

A species of Ant hr e tins was also noted. 

In addition, the following true grain insects were found 
(in exposed locations) in several mills. 

The Granary Weevil ( Stfophilns (jranarius L.) 

The Rice Weevil ( Sitophilus oryza L.) 

The Angoumois Grain Moth (Sitotroga cereallela Oliv.) 

A control of insects infesting grain in bulk can not be ob- 
tained by a general fumigation with hydrocyanic acid gas 
because of the difficulty of penetration. The problem of the 
fumigation of grain in bulk with HCN has been solved by the 
Cvanogas method of Grain Fumigation (Section 3 pages 
37-73.) 

A general fumigation with HCN kills the adults of the 
Angoumois grain moth and kills or stupefies the majority of 
the exposed adult weevils. Where Cyanogas is used, most of 
the latter will be swept up with the residue after the fumiga- 
tion and thus disposed of, but it has also been noted in the case 
of the weevil, that the majority of the individuals reviving 
after receiving a heavy charge of HCN are greatly weakened 
and soon die. This phenomenon has not, however, been noted 
in the case of the mill beetles as the Tribolium or the Cadelle, 
which if not killed outright, live as long as the checks after 
reviving. 

A control of practically \{){Y/< of the other insects in the 
list by a general fumigation with HCN has been demonstrated, 
except in the case of the Cadelle in wooden mills where many 
pupae in the tunnels in the wood-work may survive. 

The mill insects differ considerably in susceptibility to 
HCN. Dean (Kansas Agricultural Experiment Station Bul- 
letin No. 189, 1913, p. 177) states that all stages of the Medi- 
terranean Flour Moth, including the eggs, if not covered with 
niore than one inch of flour are killed by hydrocyanic acid gas. 
i"his has been confirmed by the present studies with Cyanogas. 
In general, the Mediterranean Flour Moth is the most readily 
Glled while the beetles, particularly the Cadelle and the Flat 
Grain Beetle, are much more resistant. As a rule the adult 
•“Sects are more readily killed than the pupae or the larvae. 
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Tenelirio ^isatisfactory aitto. 

^ a<l elie Unsatisfactory ditto. 
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'llie resistance of the pupae is probably due to the fact that they 
occur in more protected locations than the other stage, and arc 
relatively inactive. 

In checking the results of a fumigation, the number and 
location of live insects noted after the fumigation was chosen 
as a criterion rather than the control. 'Fhc percentage of 
o>ntrol is nearly impossible to estimate and furthermore would 
liardly represent a satisfactory standard according to the or- 
dinary conception. A 98 or 99/> kill might not he satisfactory 
where hundreds of thousands of insects were concerned as 
enough individuals even at these percentages might remain to 
bring about a speedy rcinfestation. A kill of practically all 
exposed insects and a great majority of insects in protected 
places was considered as satisfactory. Pasteboard pill boxes 
containing mill insects were also placed in different parts of 
the mill as checks in some of the tests. The presence of an 
infestation after the fumigation in such places as conveyors, 
half-filled with flour, which were overlooked and un-opened 
during the clean-up were not considered in the estimation of 
the results. If such conditions are found, they should be 
treated locally with Cyanogas after the fumigation and the 
infested flour destroyed. 

APPLICATION 

'rvPE OE cvax()(;as used: Fumigations of enclosed spaces 
have been tested with the following types of Cyanogas 
Calcium Cyanide: A-Dust, (TFumigant, Cranular, and 
Flakes. Fhe liberation of HCN from the flakes is too slow 
for best results. The use of A-dust in large amounts in en- 
closed spaces is attended with danger or at least discomfiture 
to the operator due to the rather rapid evolution of IICN and 
the tendency of the material to rise in clouds, and should be 
attempted only by experienced operators equipped with gas 
masks. The (j-fumigant, particles of which arc about the 
same texture as sea sand, was founci to be most satisfactory for 
mill fumigation as it was easy to handle and the rate of 
evolution of gas allowed a satisfactory margin of safety to the 
operator, working away from the source of the gas. 

Method of appiacatiox: The following methods of apply- 
ing Cyanogas have been tested. 

1. Scattering the material from the container on papers. 

2. Scattering the material from the container directly on 
the floor. 
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3. Broadcasting the material over the floors by means of 
a shovel or scoop. 

Broadcasting the material directly over the floors by 
means of a shovel was considered the most satisfactory 
method. The scattering of the material as thinly and evenly 
as possible over a wide area in as short a space of time as 
possible was desired and these conditions are fulfilled by this 
method. 

The operation is best performed by two men, one pouring 
the material on to the shovel from the container or a bucket 
and the other broadcasting the material with an even side 
sweep of the shovel ending in a flip. The spreading is 
started at the end of the room farthest from the exit, and 
continued toward the exit, making the application successively 
on each floor from the top floor down. 7'he operation has 
been very efficiently performed by five men, two carrying the 
buckets, two broadcasting the material and one man at the 
stairway or elevator pouring the Cyanogas into the buckets. 

The concentration of HCN for a part of the fumigation 
period, at least, appears to be greatest in the immediate 
vicinity of the Cyanogas, hence the nearer the material to the 
foci of heavy infestation, the <]uicker and better the kill. Par 
ticular pains should therefore be taken to scatter the Cyanogas 
in back of, in under, and around the mill machinery and in 
elevator boots or under open spouts and packers and other 
places where insect infestations are known to exist, as well as 
in corners of rooms and directly over, between, and around 
piles of sacks. 

In some of the tests, in certain conveyors or bins, where 
difficulty of penetration might exist, small cloth sacks con- 
taining a few ounces of Cyanogas were placed and removed 
after the fumigation. 

Timk REQI’IREI) FOR APPEICATIOX : The accompanying table 
(Table II) indicates the length of time required for the ap- 
plication of Cyanogas in the treatment of a mill. 

DOSAGE 

Tests were conducted with various dosages. A tabula- 
tion. of the various dosages is shown in Table III. A dosage 
of 1 lbs. per 1000 cu. ft. was found to give satisfactory 
results in tight mills. As, however, mills vary greatly in 
degree of tightness of construction, a dosage of 2 lbs. per 
1000 cu. ft. was considered advisable for general use. 
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rime Rctjiiiml 

for .Application of Cvaiiogas in 

Mills 

I'xp. 




'rime KfCjuired 

Xo. Xo 

. of Operators 

Sizeol Hndding Xo. l.hs. L sed 

h'or Application 

4 

3 

OlO.OOO 

cn. ft. 625 

40 minutes 

h 

4 

125,000 

cu. ft. 125 

20 minntes 

7 

2 

57,600 

cn. ft. 115 

14 minutes 

s 


200,(XX) 

cn. ft. 295 

16 minutes 

9) 


(1 18,680 

cn. ft. 121 ) 


10) 

6 

(151,8(K) 

cn. ft. 226) 

25 minutes 

11) 


( 60,720 

cn. ft. 122) 


1*-') 

3 

( 68,(XX) 

cn. ft. 70) 

25 miniit(\s 

1 W y 

13) 


( 62,591 

cn. ft. 97) 


14 

2 

75,6(X) 

cn. ft. 175 

25 minntes 

17 

6 

8(X),0()0 

cn. ft. 12(X) 

50 minntes 

20 

4 

1(X),(XX:) 

cn. ft. 2(X) 

25 minntes 

24) 


( 83,7CX) 

cn. ft. 125) 


25) 

4 

(141,552 

cn. ft. 215) 

7 minntes 

26) 


( 5,(XX) 

cn. ft. 15) 
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DOSAtiK 


l^xp. 

Dosage Amt. L'sed 



X<i. (Lhs.pcr I(KK)cu. It.) 

1 Lbs. 

Results* 

Remarks 

Xo. 9 

1 

121 

I’nsati.sfactorv 


Xo. 6 

1 

125 

Unsatisfactory 


Xo. 1 

1 

175 

Unsatisfactory 


Xo. 5 

1 

350 

Satisfactory 


Xo. 21 

1-3/8 

110 

I’nsatisfactory 


Xo. 22 

1-12 

120 

Insatis factory 


Xo. 25 

1-1/2 

215 

l/n. satisfactory 


Xo. 3 

1-1 2 

250 

Unsatisfactory 


Xo. 18 

1-1/2 

3{X) 

Unsatisfactory 


Xo. 13 

1-1/2 

97 

Un.satisfactory 


Xo. 24 

1-1/2 

125 

Satisfactory 


Xo. 23 

1-1/2 

160 

Satisfactory 


Xo. 10 

1-1/2 

226 

Satisfactory 


Xo. 8 

1-1/2 

2^>5 

Satisfactory 


Xo. 17 

1-1/2 

12(X) 

Satisfactory 


Xo. 7 

2 

115 

Unsatisfactory 1 

Uiildint^' too ot)en 

Xo. 16 

2 

78 

Satisfactory 


Xo. 19 

2 

1(K) 

Satisfactory 


Xo. 11 

? 

122 

Satisfactory 


Xo. 20 

2 

200 

Satisfactory 


Xo. 27 

2 

230 

Satisfactory 


Xo. 15 

2 

272 

Satisfactory 


Xo. 14 

2-1/3 

175 

Satisfactory 


Xo. 26 

3-1/3 

175 

Satisfactory 


H\ here the result.s on one 

or more species of mill insects were 

unsatisfactory, the 

in 

this column and 

in Table I> 

/ are listed as “imsatisfact(*ry. 



Fi}(. 10-3. Pouriiif,' C.'yanojjas on the Shovel Preparatory to l{roa<lcaslini; 
the Material over the Floor.s. 
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Hydrocyanic acid is very sli^e^litly lighter than air. The 
ratio of the weight of HCN to that of air is 27:29. Its be- 
havior would be very much the same as air under the same 
conditions, i.e. it would tend to rise when heated very much the 
same as air, or settle with cold air. 'The fact that it is slightly 
li<^diter than air indicates that eventually it will tend to rise. 
In a building most of the gas liberated on the lower floors 
eventually diffuses upward. Due to this reason, and to the 
fact that there is apt to be considerable leakage from the first 
floor because of the presence of doors and other openings, it 
was considered desirable to use a greater amount of material 
on the first floor than on the upper floors. Most of the gas 
rising through spouts would be taken from this floor in which 
the elevator boots are located. In some tests, therefore, the 
dosage was slightly cut on tfie upper floors and this amount 
applied to the first. As much as one pound was cut from the 
top floor dosage in some cases and added to the first floor, thus 
giving the first floor a dosage of about 3 pounds per 1000 
cubic feet, while the top floor received only 1 pound per 1 000 
I'ubic feet. The other floors, including the basement, received 
(he two pound dosage. 

In other cases, there was considerable leakage from the 
top floor, particularly in wooden buildings, and the two pound 
dosage was therefore used on this floor. 

Until further information on the movements of HCN in 
a mill are obtained, it would be best to consider each floor and 
room as a unit, and closed off from the rest of the mill, i.e. 
doors between floors and between rooms should be closed after 
the application of the fumigant in that particular door or 
room. In the tests conducted, however, the extra labor of 
blocking the openings between doors where belting or ma- 
chinery passed through was not practiced and this would 
seem to be unnecessary in most cases. 

LENGTH OF EXPOSURE 

Various periods of exposure were tested. The results as 
tabulated in the accompanying table (Table IV) indicate 
that a 36 hour period taken in conjunction with the dosage of 
- pounds per 1000 cu. ft. should give satisfactory results 
binder most conditions. 





TAIUJ«: IV 

Li<:x(rnf oi- I'.xfosi kic 


Exp. 

I. 

Xn. 

ciigth(>f Kxi);>.surc 
(Hours) Obs. 

per KiOOcu. tt. 

Ixesult.s 

Iseinark.s 

Xo. 

IS 

) ) 

1-1 

) 

1 n.sati.^ factory 


Xo. 

:> ) 

24 


} 

1 iisati. s factory 


Xo. 

24 

24 

1-1 

) 

1 ' 11 . sat i.s factory 


Xo. 

25 

24 

1-1 

? 

1 ’n.sati.sfactor\ 


Xo. 

2 

24 

1-1 

) 

1 ’nsat is factory 


Xo. 

20 

24 

2-1 


.Sat is factoi'N' 


Xo. 

2l 

2r) 

1-2 

s 
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COMPARATIVE TEST WITH SODIUM CYANIDE 

A comparative test, using Cyanogas Calcium Cyanide 
G-fumigant (P]\p. No. 20) at a rate of 2 pounds per lOOO 
cubic feet and Sodium Cyanide at the rate of I pound per 
lOOO cubic feet was made. An exposure of 26 hours was 
given in both cases. The Cyanogas was used in the mill 
proper and the NaCN in the warehouse. 'Fhe mill and warc- 
h(iuse were separated by a fire wall and double doors. 

The two methods appeared to be about e(]ually effective. 

In the Cyanogas side, the control of the Mediterranean 
idour Vloth was satisfactory. None were found alive. 

There was no infestation of this insect in the warehouse. 

There was a heavy infestation of lAnebrio in the mill, 
but comparatively few in the warehouse. Hundreds of adults 
and a few larvae were found dead in various parts of the mill. 
Approximately 80 were found at the edge of one bin. Only 
one adult was found alive and that was in a partly stupefied 
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(onHition, bcinj; found in the basement underneath a her rest- 
iiijr on the ground. 

All eadellc larvae and adults seen were dead in both mill 
and warehouse. 'Idiere was a heavy infestation of the Dpul^ 
Store Beetle both in the mill proper and in the warehouse 
'fhese were very numerous on the Hoors, around sacks, and on 
the windows. All were dead except a very few between the 
^vindow sills in both the mill and the warehouse. .Many dead 
mice were found in both mill and warehouse, and 2 larire rats 
were found dead in the mill. 



1]-.^, A Sin.'ill Loosely-coii.structed WoodcMi Mill. 
Such a Mill l\c(|iiircs a (ucal 1 )cal of .Scaliic^T- 


J he Granary Weevil was (]uite numerous in both mill 
anc wai ehousc. A number of the weevil were gathered from 
a representative S(]uare yard from both the mill and the ware- 
puse, placed in pill boxes and examined the day following 
le umigation and again four days following the fumigation 
determine revival. The number alive and dead on the 


Im'^. 12-3. Rats and ^[icc ('ollectcd after a l^'uinii^ation. 
C'vanoj^as still present on the Idoors. 


latter date are as follows: 

C yanogas Sod i u m Cy a n i d e 

Dead Alive Dead Alive 

61 S 9 13 

The more favorable results from the Cyanogas side were 
no doubt due to the fact that the weevil, in crawling through 
the Cyanogas scattered on the floors, remained in a strong 
concentration of gas for a longer period of time. 

RECOMMENDATIONS 

1 . Dosa^je 

2 lbs. of Cyanogas (j-fumigant per 1000 cu. ft. of space. 

2. Exposure 

36 hours. 

3. Preparation 

1. Calculate the cubical content of the mill by floors and 
separate rooms. 

2. Make the Buij.dixc; Tight by sealing with paper 
any cracks or open spaces in windows, doors, vents, panes of 
glass, eaves, etc., but arrange as many windows and doors as 
possible to be opened from the outside after the fumigation 
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is over. All outside doors, except the exit, should be scaled 
from the inside. 

3. I'hokolv Ci.F.AX the Mili. before the fumigation. 
Do not leave more than one-half inch of flour in any part of 
the mill or machinery. Run the machinery empty for thirty 
minutes. Then use compressed air to blow out the conveyors, 
etc. Remove and burn all webbing, waste, and refuse flour in 
elevators, boots, packers, purifiers, conveyors, reels, etc. What- 
ever waste flour may be overlooked should be spread out on 
the floor and treated with Cyanogas during the spreading. 

4. Previous to the fumigation, PA’ER^' PART OF THE \llLE 
Machinery shoi ld be opened i'p to allow direct access of 
the gas. Be sure that every slide door, conveyor top, cap and 
panel is opened. The elevaten* heads may — or may not - be 
removed. In the case of a heavy infestation of flour moth, it 
would be advisable to remove the heads and place them on the 
rioors where they should be treated heavily with Cyanogas 
during the spreading, 

4. Conditions 

The temperature of the mill should be 65 F or over and 
the relative humidity over 407^. From 60-80''^ would be more 
ideal. Where the air in the mill is drier than 40^'^ , the rela- 
tive humidity may be increased by sprinkling water over the 
floors with a sprinkling can about 2 or 5 hours before the 
Cyanogas is to be applied. Make sure that there are no pools 
of water. Do not ripply the Cyanogas until the water has 
ihoroly evaporated. Never sprinkle water over Cyanogas 
or apply the Cyanogas where there are pools of water on the 
floors. Where sprinkling is not desirable, hang up about a 
dozen moist sacks to a floor about 3 hours previous to the 
fumigation and close the mill to hold the moisture. 

Choose a calm, warm day. If a steady breeze is blowing 
and it is undesirable to postpone the fumigation, spread the 
Cyanogas more heavily on the windward side of the building. 

5. Application 

/\ltho the dosage is 2 pounds per lOOO cubic feet, in 
practice it has been found advisable to adjust this dosage on 
different floors of the mill to take care of the upward diffusion 
nf the gas and different leakage conditions. In general, this 
is accomplished by using I pound per 1000 cubic feet on the 
top floor and about .3 pounds per 1000 cubic feet on the first 
door. In other words, take one pound off the dosage of the 
top floor and add it to the first. The other floors, including 
the basement, should receive the 2 pound dosage. Where the 
top floor is leaky, due to its construction, it is advisable to use 



^-m 


the 2 pound dosage on this floor. If the elevator boots are 
located on any other floor than the first, use a few extra pounds 
on that floor. 

Be sure the material is scattered in back of, around, and 
in under the mill machinery; around, in back of, and between 
piles of sacks; in the corners of the rooms; in and under the 
elevator boots; and under packers, and open spouts. 

6. Airituj out After the luiniKjation, 

First open up the doors and windows which may be 
reached from the outside, so that a current of air will be 
created to carry out the gas. 

After airing out for an hour, at least 2 men each with a 
supply of Ammonium Carbonate may enter to open up other 
doors and windows. With the doors and windows still open, 
brush off the sacks, and sweep up the residue which may be 
disposed of by burying or throwing on the dump. 

7. Precautions 

1. Although the Cyanogas method of fumigating mills 
is the safest method of using hydrocyanic acid gas, one should 
not become careless and indifferent to the amount of gas which 
is being liberated. 

2. Avoid breathing the gas as much as possible. From 
time to time, take deep breaths of fresh air as you go from 
floor to floor. 

3. Always begin spreading in the end of the room fur- 
thest from the exit. So organize the application that no 
material is spread between a fellow-workman and the exit. 

4. Avoid sprinkling Cyanogas where it will drop thru 
openings around belts, machinery, etc., to the floor below and 
thus be generating gas before you reach the next floor. 

3. Sever qo back into a room or back over the floor 
•u'here Cyanoqas has already been spread. 

6. Each workman must carry Ammoxhjm C.\Km)NATF, 
to inhale if effects of the gas arc noted. It is well, during the 
application, to take inhalations when moving from floor to 
floor. 

CONCLUSIONS 

The foregoing experiments show that where properly 
applied, Cyanogas Calcium Cyanide is effective as a fumigant 
for the control of insect and rodent pests in flour mills. The 
margin of safety to the operator and the ease and simplicity 
of handling make the method a much more satisfactory means 
of utilizing HCN for the fumigation of flour mills than any 
other method hitherto employed. 

Issucfl February 1928. 
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Fumigation — Burrowing Animals 

Many species of rodents and other animals which make 
distinct burrows in the ground have been successfully con- 
trolled by the use of Cyanogas Calcium Cyanide. Naturally, 
in dealing with such a wide range of pests, the methods of 
application will vary considerably. In general these fall 
into the following groupings. 

First; By merely placing the material well down in 
the entrance of the burrow. 

a . — Burrows closed after treatment. 

^.—Burrows left open after treatment. 

This method is particularly adapted to the control of 
animals with few entrances to their burrow such as: Ground 
S(]uirrels, Citlelliis spp.; Woodchucks, Arctoviys tnoiuix' 
Prairie Dogs, Cynomys sp.; Land Crabs, Cardiosoma sp.’; 
trayhsh, Camhartis spp.; Land I'urtles, Gopherus polyp/ie- 
mus; and Ants. 

Sec'ONI); By blowing Cyanogas “A” Dust throughout 
the system of burrows. 

The method is adapted for the economic treatment of 
animals which have an e.xtensive system of burrows and 
niany entrances such as; Rabbits; Rats; Leaf-cutting Ants 
Alifi sp.; and Termites. 

iHiKl): The application of Cyanogas by means of arti- 
ricial openings made into the burrow or nest. 

h' method is particularly useful for those animals 
closed or nearly closed system of burrows such 
as; Moles, Scalops aquaticus; Golden Mole, Chrysochloris 

spp-; Taltuza, Hetenjeomys 
'■nrfny Mound-building Harvester Ants, Poqonomyrmex 
■'P-; and Mound-building Termites. 
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Some of the earliest experiments with Cyanogas Calcium 
Cyanide as a rodenticide were performed by Prof. G. E 
Sanders, Department of Agriculture, Ottawa, Canada. The 
account of this work against the Richardson Ground Squirrel 
known as the “Gopher” or “h’licker-tail” in Canada, appeared 
in the Agricultural Gazette of Canada, Vol. VI 11, No. 6 
November, 1921, page 628, and is reproduced below : 


GOPHER CONTROL BY MEANS OF CALCIUM 
CYANIDE 

BY Q. E. SANDERS, ENTOMOLOGIST IN CHARGE INSECTICIDE INVESTIGATIONS 
ENTOMOLOGICAL BRANCH o ^ lu/. a iuins. 


I >V' 1920, Mr. A. K(4sall, of tlio Ento- 
mological Brtmch, tested cbloriue 


gas lor the control of gophers at 
Carlyle, Saskachewan. It was found 
by him that gophers were very effec- 
tively controlled by injecting about one- 
tenth of a pound of chlorine gas, liber- 
ated from cylinders of liquid chlorine, 
into each gopher burrow. A brief 
account of this work appeared in the 
November issue, 1920, of the Agricnh 
tural Gazette of Canada. 

In 1921, the writer continued these 
experiments and in addition tested a 
number of other chemicals. Among 
these, a compariitively new cyanide, m 
peculiar physical form, manufactured 
in electric furnaces at Niagara Falls, 
Ontario, showed great promise. ' The 
compound contained approximately 50 
per cent calcium cyanide and is mar- 
keted ii[ small flakes, grayish-black in 


colour, about lf )2 of an inch in tliirk- 
ness and about I to ^ of an iiirh in 
diameter. It is not nearly so 
quescent as sodium or potassium 
cyanides. Its physical .form, as well 
as its chemical constituHon, assi.st in 
its comparatively rapid ' decomposition 
when placed in contact with damp 
earth, or less rapidly on e.xposuro to 
air, the products, being prussic acid gas 
and hydrated lime. 

The first promising experiment with 
this material consisted in treating half 
a dozen burrows. Following this, 13 
burrow openings were closed and 12 of 
these that were opeUed the next day 
were treated, about Ij ounces of the 
mixture finely ground being placed 
down each burrow. Six hours after 
none of the twelve treated burrows were 
opened although gophers had started to 
dig into all of them from the outside. 
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Examination twenty-four Lours later 
showed that only two of the 12 treated 
burrows had been opened. 

The next experiment, on July 11. 
consisted in treating an area of approxi- 
mately two 'and one-half 'acres con- 
taining 02 gopher burrows. In this 
experiment the flake form was used. 
The material was carried about in an 
open bucket and dipped out with a long 
handled iron spoon and placed as far 
down the burrow as was possible. The 
spoon held approximately 24 ounces and 
one spoonful was used in each burrow. 
A handful of weeds was. placed in the 
entrance of the burrow and the iron 
spoon used to cover the weeds with 
earth. Placing the w’eeds in the en- 
trance prevented the earth from cover- 
ing the cyanide. Forty-eight hours 
later, not a single burrow of the 62 
closed had been opened. Gophers w’ore 
particularly active in the immediate 
ai;ea, the land being very light, sandy 
and dry. 

The next oxperipient consisted in 
treating in the same manner as the 
last, 6^ burrows in heavier- land. 
Twenty-four hdurs after treatment, two 
out of the 69 treated burrows had been 
opened. 

In anotlier experiment a jar was 
measured and the amount of the calcium 
cyanide compound calculated to give 
the same concentration of gas as would 
obtain if 24 ounces were placed in a 
burrow 40 feet long. A little earth was 
placed in the bottom of the jar >and the 
cyanide thrown in on top of it. A live 
gopher was then introduced and the jar 
closed. The gopher immediately showed 
the effect of the cyanide; in a short 


time its muscles became rigid and the 
neck curved backwards until the head 
almost touched the back. The body 
became limp when the gopher died. 
Fifteen live gophers were available and 
all were killed in this jar. It was 
found that five seconds exposure to the 
gas was sufficient to cause dea,tli. This 
explained the excellent results we had 
obtained in the field. 

We have not as yet definite data as 
to the cost of the cyanide treatment 
but it is thought that it will approxi- 
mate that of strychnine poisoned grain. 

The cyanide used, as above mention- 
ed, is for the mast part calcium 
cyanide or the lime salt of prussic acid. 
It must, therefore, be regarded as a 
dangerous poison and one which should 
not be stored cai-elessly about build- 
ings. It should, in fact, bo handled 
with extreme care such as are arsenic, 
strychnine and other poisons used in 
agriculture with which the public are 
familiar. 

With strychnine-poisoned grain, there 
is danger in storing it in sacks in 
which it is always shipped, and in the 
field in spite of repeated instructions 
to put it down the burrow, the farmers 
almost’ invariable' scatter it on the sur- 
face about the entraiice of the burrow, 
thus endangering both wild and domes- 
tic animal life. 

Calcium cyanide has the advantage 
of being as effective at one season as at 
another while poisoned grain is most 
effective for a short time only in the 
spring before the grasses start, so that 
even though it may not compete ecorio- 
rnically with poi.soned^ grain for spring 
work, it should be a valuable adjunct 
for summer control. 
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RABBITS 

Early experimental work on the use of Cyanogas Calcium 
Cyanide for the destruction of rabbits in New South Wales, 
Australia, was carried out by Mr. Max Henry. Flakes were 
used in this series of experiments as was the case in Sanders’ 
work. Reports on these experiments are reproduced from 
Agricultural Gazette of New South Wales, Vol. XXXIV, 
pt. 7, July, 1923, page 485. 



Fig. 1-4. — Application of Cyanogas “A” Dust to Kabbit Warren witli 
Duster. Note Dust bjiierging from ( )])ening at a Distance 
from Point of A])plication. New South Wales, Australia. 


Dust was introduced into Australia in 1923 for the first 
time by Professor H. J. Quayle of the University of Calif 
ornia, and the report of a second series of experiments was 



Fiji;-. 2-4.- T’ilc of Dead Kahhits r)n.i> from d'realed W’arreii. 

published by Mr. Max Henry in the Agricultural Gazette of 
New South Wales, Vol. XXXV, pt. 2, February, 1924, page 
125 (Figs 1-4, 2-4.). 

Dr. R, J. Tillyard of the Cawthron Institute was the 
first scientific worker in New Zealand to realize the value of 
Cyanogas Calcium Cyanide for the destruction of rabbits. 
Unfortunately his experiments were delayed for about a year, 
due to illness, with the consequence that his paper on this 
subject did not reach the press before 1925. The account of 
his experiments is taken from the New Zealand Farmer, Auck- 
land, March 2, 1925. These three papers on the control of 
rabbits with Cyanogas Calcium Cyanide are reproduced 
below : 
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The Destruction of Rabbits with Calcium 

Cyanide.* 


MAX HBNRY, M.R.C V.S., B.V. Sc., Government Veterinary Surgeon. 

The oaiciuin cyanide used in the experiments described liereunder is a com- 
nieicial preparation* in the form of thin brownish flakes^ that jzive off a strong 
odour of hydrocyanic acid gas. 

It is claimed by the manufacturers that on exposure to the air there ia 
left, after the hydrocyanic acid gas has been given off, only a harmless residue 
composed of hydrated lime, graphitic carbon, and salt, llie length 0 ‘ time 
during which this material will continue to give off hydrocyanic acid gas is 
b^ing tested, but it ia undoubt^ly somewhat lengthy, which is a factor of 
importance in considering the value of caWum cyanide for the purpose. • It 
lia^ be^-n used ii^. Canada in the destruction of gophers, the small burrowing 
rodents which in nmny parts of North America constitute a very serious and 
dentructive In the experiments detailed below the directions of 

the manufacturers were followed, due allowance being made b r the 
difference in local conditions and in the habits of the rabbit and the gopher. 
Although the gas given off is lighter th«n air, it was claimed by the 
manufacturers that it would diffuse downwards through the burrow, even if 
only placed on the ground above the opening) and covered with a tsrpaulin. 
That method was not employed, being considered unsuitable to our condi- 
tions and involving a possibility of risk to live stock, but the gas was found 
to possess high diffusive power and to penetrate widely in the burrow. 

A burrow ap|kareiitly suitable for experimental work having been select'^d, 
from U to 2 oz. of calcium cyanide was introducerl into each oifoning 
w ith the aid of a wooden spoon about 15 inches long. The openings were 
then carefully blocked with diy cow-dung, leaves, or wood, to prevent eirth 
faUing in and covering the poison, and this protection was in turn covered 
with earth, to prevent, or at least check, the outflow of air and gas. Ex^ri- 
ence indicate)! that it is desirable to give some little attention to this blocking 
of the ofHfnings of the burrow, not on’y to ensure the maximum concenf/ar 
tion of the gas inside, but to prevent opening up of the burrow from the out- 
side. Quite a number of rabbits were found dead just inside, ks though they 
hnd attempted to escape, but, owing to careful blocking, were unable to do 
so before l^iug overcome by the effects of the gas. The burrows w'ere opened 
up at different times, varying from one hour twenty minutes to ninety-six 
t)ou)‘s, subsequent to the iDtiX)duction of the cyanicle. There was evidence 
that the shorter periods were not sufficient to allow the gas to take effect 

• Conititutiog a prtllroinary report of experimeiitH esrried out. under instruction from 
the Experimeotf Suporvirion Committee of the Department of Agricnltcre. 
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the conditions existing' at the tiint? and with the dosage eiiifiloyed, and 
for further work it is suggested that a iiiiniinuiii of twenty f<»ur hours oc 
considered as required to ensure the destruction of all inhabiuints of the 
burrow. 

The details of the experiments carried out s.o far are stated in the following 
paragraphs 

The First Series of Experiments. 

These experiments were carri(‘d out in rather hard, yery diy^ decomposing 
granite soils on a hillside They wen* disappointing, as it was evident after 
completion that vt*ry few rabbits were present, but they were us^oful 
educationally. 

No. 1. — A small burrow with eight openings. Approximately 12 oz. of 
calcium cyanide was introduced into tlie burrow, 1 J oz. b(>ing placed in eaoK 
opening.at 9..50 a m The hurrow was opened up at 1 i.I j a.rn. The odour- 
of hydrocyanic acid gas was very luarkcfl, not only in the hui r >w l»ut ui the 
air surrounding it, wh<*n being dug iiut. Two living rabbits were found 

No. 2 . — A buriNiW similar to No 1, hut larger, tin* ineasuiements between 
extreme openings being 36 x 27 feet. The cyanide was put in at 10.10 a, In.. 
18 oz. being used. It was opened up between 1 1.30 a.m. and 2.50 p.m. The 
gas was well diffused, even at a depth of 3 feet. At 2.45 j>.m. some of tin.* 
calcium cyanide which had Ihh'h ])ut in was examine^j, and found tobe givim,' 
off comparatively little odour. There were no ratibits in this burrow. 

No. 3. — A small burrow similar to No, 2. 15 x 18 feet*; 15 oz. put in at 
10,30 a.m. Dug out 3,30 p.m. Diffusion of gas as in No. 2. No rabbits, 

No. 4. — Burrow similar to No. 3, 15 x 15 feet ; 15 oz. put in at 10.45a.m. 
Opened up 3 p.m One rabbit found alive 3 feet Ix'low ground and about 
5 ftMJt from nearest opening. Gas fairly well diffused. 

No. 5. — Burrow same as No. 4 ; 24 x 24 feet ; 24 oz. cyanide put in at 
11 a.m. ; dug out 4 p.m. No rabbits. 

These experiments showed that the gas did diffuse to some extent at least, 
but suggested that possibly the burrows were not left closed for a sufficient 
length of time. 

The toxicity of the gas given off by the calcium cyanide was demonstrati-d 
on one of the living rabbits caught. Its he>*id wa.s placed in the tin containing 
the cyanide, and it <Iied in l(*s.s than five Hcconds. 

Second Series. 

No. 6 — A .small hurrow on a river flat ; 9 oz. cyanide put in at 10.30 
a.m. ; opened at 2 p.m. Result nil. 

No. 7. — A burrow bc.side a creek, fairly large, and with many openings ; 
^oil slightly moist ; 15 oz. cyanide put in at 10.45 a.m. ; opened up at 3 p.m. 
twelve dead and four living rabbits were obtained from this hunx>w. 

The dead rabbits had evidently Wn destroyed by the gas, as they were only 
juat dead and showed no evidence of any disease. N<» poisoning had been 
carried out recently. This burrow, besides Ixdng moist, was on a slight rtso, 
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both factors which might have had an influence on the result. A little horse- 
dung was burnt in one of the openings and smoke driven through to indicate 
whether anj leakage was occurnng. 

Third Series. 

Nu. H. — iSuperHcial area 27 x 18 feet; in dry country on hillside ; 12 oz. 
cyanide introduced at 11.30 a.m. 6th March. Dug out partly at 5 p.m.^ 
5th March, and tinished 9 a.m., 6tb Mai*ch. Three dead rabbits found. 
Gas evident on both days. 

No. 9. — Superficial area 12 x 12 pace.s; dry on top, a little moisture below;, 
on hillside in decomposing granite soils; 9 oz. cyanide put in at noon, Sth 
March. Dug out 10 a.m., 0th March. Four dead rabbits. 

No. 10. — A burrow with one opening only ; on edge of river flat ; ground 
dry and hard ; 6 oz. cyanide put in at 12.10 p.m., 6th March. Dug out 11 
a.m., hth March. Five dead and one living rabbit found. The living rabbit 
was 23 feet from the opening. The sexes of the rabbits were three malfl 
and three female. 

No. 11. — A big sandy warren on river flat; superficial area 42 x 24 feet" 
Twt) gallons of water were used to moisten the openings of burrows to hasten 
evolution of ga<i. Cyanide (27 oz.) put in at 2.30 and 3 p.m., 5th March. 
Dug out from 12 noon to 6.46 p.m., 6th March, and finished pn 7th March. 
Twenty-four dead rabbits and one living one were found. The ground was 
very dry and the gas still evident on completion of the work at 12.30 on 7th 
March. 

No. 12. — A single opening burrow on hillside; dry. One gallon water 
used to provida moisture. Cyanide (5 oz.) put in 3.40 p.m/, &tb March. 
Opened up 7th March at 2 p.m. Three dead rabbits found. 

No. 13. — An old burrow on hillside; very dry. Three gallons of water 
used and 9 Oz. cyanide. Put in. 4.15 p.m,, 6tb March, and dug out 8th 
March. Four dead rabbits found. 

Fourth Series. 

No. 14. — Burrow on hillside ; a reddish clay soil ; very dry ; 7 oz. cyanide 
placed in burrow at 12.20 p.m., 16th April, and dog out 18th April, eight 
rabbits obtained, five dead and three living. The presence of gas v.’aa not 
marked t-o the sense of smell. 

No. 16. — Similar to No. 14 ; 3 oz. cyanide placed in borrow at 12,40 p ni., 
16fh April. Dug out 2 p.m., 18th April. Four rabbits, all dead. 

No. 16 — Similar to No. 14, but very extensive; 14 oz. cyanide put in at 
I p.m., 16th April. Dug out 20th April. One rabbit dead. Work not 
completed. 

No. 17. — Cyanide (3 oz.) put in 2,30 p.m., 16th April. 

No. 18. — Large burrow, 30 oz. used. 

No. 19. — Small borrow on flat, 3 oz. used. 

No. 20i <-43ingle opentpg burrow on flat. 
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Owing to lack of time, burrows No<. 17, 18, 19, and 20 were uot dug out, 
tut four dayH after the cyanide had been put in they still remained unopened, 
iao that thO death of the rabbits in them is very probable. All were active 
burrows. 

The material used in this series of experiments was from a tin that had 
been opened up some weeks, and the gas in the burrows was cot so noticeable 
SM in the previous three series. 

As r^rds some of the living rabbits found, it is not considered that they 
4 X>uld have survived, since they were at dead-ends with the gaa-producing 
material and dead rabbits between them and any available opening. It is 
considered that the cause of death in all instances was the inhalation of 
hydrocyanic acid gas, there being no evidence or suspicion of any other cause 
operating. 

Jn only two instanoes were the burrows entered from without after treat- 
ment and in no case were they opened up from inside. 

Conclusions. 

These results are considered encouraging and make further trials desirable. 
The advantages of this method of rabbit destruction are 

(1) Only a small amount of labour is required. 

(2) Providing the material is used as directed, there is absolute freedom 

from danger to live stock. 

(3) As the burrows in which the rabbits are killed are closed up, 
blow-flies cannot breerl in them. 

(i) No expensive plant or machinery is required. 

^5) There is no danger of destroying biid life. 

(6) Poisoning can be carried out at any time and in any season. 

The disadvantages are : — 

(1) The rabbits, being left in the burrows, cannot be used as a commercial 

asset. 

(2) The method cannot be relict 1 on to eradicate rabbits. 

(3) Wire netting would still be a necehsity. 

(4) The material used is very poisonous. 

The actual destruction of the rabbits is due to tlie giving off of hydrocyanic 
acid gas by calcium cyanide. This gas is one of the most poisonous known 
and is rapidly fatal if inhaled in sufficient quantity. It is therefore necessary 
to issue a warning, which indeed is stressed by the manufacturers, that great 
oare should he exei'ciscd that the tins containing the material are kept tightly 
abut when not in use, that they should not be kept in rooms used as sleeping 
and living rooms and that they should be put absolutely out of the reach of 
children. 

The well founded objections to the use of potissium cyanide —that is, the 
danger to live stock, etc. — as a means of destroying rabbits do not apply to 
this material, so it would not be possible to use it in the same way. 

^t is proposed to carry the experiments further. 



4-10 


Feb. 1 , 1924 .] Agricultural. Gazette of N.S.W. 125 


The use of Calcium Cyanide as an Agent 
in the Destruction of Rabbits. 

MAX HKNRY, M.R.C.V.S.. B.V.Sc. 

Following on experiments previously reported/ it was decided to carry out 
experiments on a larger scale, using both the flake and the powder forms of 
the material known as calcium cyanide.” 

Two paddocks were selected on the bank of the Cudgegong River, one of 
about 70 acres, and the other somewhat larger. Both paddocks were fairly clear 
of timber, and were fairly well netted, but some silting up had occurred, and 
some of the warrens evid(*ntly connected up with warrens outshle the paddock. 
The soil was half black alluvial, and the balance rising red country of a sandy 
nature. Over much of the paddocks was a heavy growth of herbage, which 
made the locating of the openings difficult. Evidently the paddocks had 
been very he^ivily infested in the past season, and at the time of operations 
many warrens were just being opened up. 

Dealing with the material in flake form first, it may be stated that it was 
found that instead of 1 oz. of material being required to each opening of a 
burrow, e(|ually satisfactory results wore obtained with ^ oz. per opening. 
Two burrows treated in this way were opened up, and though unfortunately 
they only contained two ral)bits each, all four animals were dead. 

In all eigfity-seven burrows were treated with flake, re(|uiring the stopping 
of 1,301 (openings. With the powder,* lfl2 warrens were treated, re<iniring 
the stopping of 2,507 openings. Of these, nine burrows were dug out, an<l 
although again the number of rabbits found was low (eleven being the greatest 
number in any one burrow) all were dead. 

To deal with the warren mentioned above, in which elevtui dead were found 
took approximately 4 oz. of material, and blowing was continued for '21 
minutes. 

A week after the work was completed, the Inspector of Stock and the 
Rabbit Inspector revi.sited the area, and found that nearly every warren had 
been re-opened, in practically every case from the outside, so far as could he 
determined. This applied to both “flake” and “dust” j)addocks. Scune 
untreated warrens were found. Judging from the odour emanating from th(‘ 
burrows and the presence of flies, it was evident that many dead rabbits were 
enclosed. 

The results obtained were considered to promise well for this method of 
rabbit ties traction. 


* Agricultural Gazette, July, 1923, page 4S5. 
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As evidence of the occupation of the warrens and the killing effect of the 
treatment, nine warrens were dug out with the object of arriving at the toxic- 
effect of the material. Six of these were in the high country, and three in 
the black alluvial soil. 

Among the former, one warren with .six openings, u.sing oz. of calcium 
cyanide dust, taking 2 minutes to apply, was dug next morning, and contained 
only one rabbit about the centre of the main run through ; this was dead. 

Another warren with twenty-three openings, using 5 oz. of dust on the 
siine afternoon, closed in 5 minutes, was dug out next morning, and held only 
three rabbits, all dead. One of these was in a dead end, and two were in the 
lower levels in the centre of the w'arren.* 

Another warren with eleven openings, using approximately from 5 to 6 oz. 
of dust (not weighed), taking ‘H minutes to treat, was dug out next morning ; 
it held one rabbit at the intersection of two main runs well in the warren. 
This was dead. 

A fourth warren was treated at midday with approximately 5 oz. of dust. 
No time for treatment was taken in this instance. Digging was commenced 
on this I J hours after treating, taking four men hours. It contained only 
one rabbit (dead), feet from the surface on a side run. 

The other two test warrens dug out in this higher portion had no rabbits, 
although they showed clear evidence of having been recently occupied. It 
can be accepted that the rabbits were visiting these warrens each evening 
from their living quarters in the lower warrens prej>aratory to occupation. 

Dealing with the three test warrens in the black alluvial country, one 
appeared to be a deep and long-established warren. It had thirty-four 
openinga ; was treated for 15 minutes at 9-45 a.u*., using 0 oz. of calcium 
cyanide dust. Digging with four men was started at 11 a.ra. the same day^ 
and the digging fini.shed at 2 p.in. the following day— ten hours’ work. 
This warren contained nine rabbits, distributed at various levels, apparently 
dying where they rested ; the deepest one found was at 5 feet from the sur- 
face, which was the maximum depth. All were dead. 

Another warren with six openings — ^very large ones, taking 2^ minutes to 
treat — used approximately 4 oz. of calcium cyanide. The work of digging 
out was commenced at 10*30 a.m., 50 minutes after treatment, and finished 
at 3*30 p.m. This held eleven rabbits all dead. Of these four were suckers, 
found bunched in a dead end, well covered with a fur nest. The balance 
were well distributed. 

The other test warren in the black alluvial soil when dug out contained no 
rabbits, although there was clear evidence of it having been worked. 


A Few General Observations. 

In no case was there a live rabbit. No burrows were opened from the 
inside after treatment, except in one instance. This was a vertical opening, 
ftnd it looked as if it might have fallen in from the contraction due to the 
drying out of the soil which was thrown on top of it. 
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Many openings were covered and invisible owing to the heavy thistle and 
crowfoot growth, and were only located with the rising dust cloud. The 
calcium cyanide dust was successful in clearly indicating where these small 
listening and pop holes were situated at any distance. The dust travelled 
with considerable speed with the as.sistance of the blower from one end of the 
largest warren to the otner, one of which had eighty openings, and raaiiy 
others forty and fifty. The average number of openings per warren in 
the entire paddock was between fourteen and fifteen. Warrens with a few 
openings on the river bank at times took longer (evidently on account of their 
depth) to send the dust through than at times did more shallow ones with a 
greater number of openings on the higher country. From the location of the 
dead rabbits in the warrens it would appear that calcium cyanide kills very 
quickly. 

It was found desirable to economise the material, using from two to five 
charge strokes according to the size of the warren, then shutting off and 
blowing as near as possible air only, and by this means distributing the charge. 

With the machine in use it was not possible to shut off completely so as to 
prevent a certain amount of dust going tlirough at every stroke, and it is 
thought that to give the mo.st economical results it will be necessary to adapt 
the machine to give the minimum amount of m.iterial, and afterwards practi- 
cally to pump air for tlie distribution of the dust already driven into the 
burrow by the first few strokes. 

Although calcium cyanide is of a highly poisonous nature, and immediately 
gives offgas on exposure to the air, it had no effect whatever on the operator, 
or on the men closing the openings or digging out, even when the warren was 
opened up shortly after application. 

Warrens in the alluvial country on the average were deeper, with fewer 
openings, and requiring more material. It was found economical in treating 
large warrens to blow into more than one opening. From the dead rabbits 
found in tl»e warrens treated this way, it was evident that the dust had 
penetrated right through. 

Sabseqaent Report from the Stock Inspector. 

A week after the work was completed the Inspectoi- of Stock and the 
Rabbit Inspector visited the area, and the former submitted the following 
report : — 

“ We found that almost without exception at least one opening in every 
wat ren treated was re-opened. In many cases the number opened up wcis 
greater — two, three, four, and so on — and the greatest number of re-openings 
counted to one warren was twenty. These coiiditions applied to both the 
' dust’ and ^ flake’ paddocks With the exception of two or three doubtful, 
all the openings appeared to have been opener! up from the outside. The 
doubtful ones gave the impression that possibly they may have been .scratched 
out from within. 

In the eastern cornw of the ^ dust ’ paddock, we discovered one In-rg^" 
‘ working warren ’ with fifteen opening.s, which had been missed in the 
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experiments, and we also discovered a number ot' other openings throughout 
the two paddocks that had been missed, being hiddiui by thistles and tliick 
herbage. The large warren mentioned appeared to have a fair numb«*r of 
rabbits in it, and possibly it was the rabbits in this and other warrens that 
re opened the majority of the treated warrens. 

We made a careful and close inspection of inanj of the re openings in the 
treated burrows, and from the number of bhiw-tlies Hying in and out of thest* 
openings, and by the smell emanating from within, it was very evident that 
many of the rabbits that wer(' enelosed were dead before the burrows were 
re-opened. 

‘‘These eondilions apply' to both the l>urrovvs treated by the Hakes and 
those treated by tl»e dust.’’ 

Later Confirmation. 

Since the above (‘xperiments, further work has been earrie<i out at Mudgee, 
and in the north-w est, and the results obtained confirm the opinion previously 
formed that the use of this material otteis consideiahle promise for the 
destruction of rabbits. 

It would appear probahh; that the use of dust or powder with a 
blowing .machine would economise material and time, but two men are 
rec^uired, and a machine must be purchased. The use of flakes requires 
more tnaterial, though evidently not half as much as was used at first, and 
one man can carry out his own work, and going steadily could cope with a 
number of burrow's. Where large areas have to be cleared up and labour is 
available the powder is to l>e preferred, while for men on small holdings 
who do their owui w ork — and that at irregular intervals and timas, fitting it in 
with other farm work — the flakes would probably be cheaper in the long run. 

So far as effectiveness goes, there appears to be no appreciable difference. 
'I'he gas would be given off quicker by the powder, but would cmitinue to l)e 
given off for a longer period by the flakes. 

As regards the rapidity of the gas as a killing agent, it may be mentioned 
that a raVibit enelosed in a box with a content of 12 cubic feet, was killed 
in four minutes by one thirty-second of an ounce of powder blown in through 
a small opening. 

The work confirmed the previous gdxl opinion forme^l as to the penetrating 
powder of the gas. 
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Destruction of Rabbits by 
Calcium Cyanide Dust. 


By R. J. TILLYARD, M.A., Sc.D. 

(Cantab.), D.Sc. (Sydnoy), F.N.Z. Inst., F.L.S., F.E.8., C.M.Z.S., Chiof of tlio 
Biological Department, Cawthron Institute, Nel.^nn. 


While attending the Paji-Paeifie C'nn 
gross in Sydney a yeiir ago, the writer 
met Professor Quayle, of the I ni\ersity 
of California, and dis{Missed with him 
the [)roblem of rahl)it dost met io’i. 
Professor Quayle is the inventor of a 
new j>ro('(*ss <>f rahhit dost ructio!! by 
means of Calcium Cyanide Dust, .inu 
was able to give the writer lirst-hand 
information as to his experiments in 
Australia. Later on, additional iirfoi 
mat ion was given hy Mr, Max Henry, 
chief of the live stock division in tlic 
Department of Agriculture. New South 
Wales Being (‘(uivinced of the great 


Two field tests have been carried out 
l)y the statT of the biological department 
of the Cawthron Institute, the w’ork in 
each ease being in eharge of Mr. E. S. 
(lOurlay, second assistant entomologist, 
'the lirst test tirok place at Rabbit 
Island, by recpiest of tbe Waimea County 
Council. 'Ibis test was not regarded 
as conclusive, because the Council’s 
workmen had l>een busy during tlio pre- 
vious fortnight poisoning with strych- 
nine, and. as a result, a large number of 
rabbits had already Ix’en deslroyed. Its 
chief value was to demonstrate the ease 



A SMALL RUN. SHOWING HOW AN OBSERVER MAY TRACE THE CONNKCTEP 

EXITS. 


value of this new method, arrangements 
were at once entered into with the 
American Cyanamid Company of Neu 
fork (the manufacturers of the cyanide 
dust and the machines with which to 
apj.ly it), and one of the machines, to- 
gether with 2001b of cyanide dust, was 
imported from New York for the pur- 
pose of testing the method in New Zea- 
land. 


and safety with which the machine and 
chemical can be handled. The second 
test was made in response to a request 
from the Forestry Department, and con- 
sisted in the treatment of a rabbit- 
infested area near Seddon, the object 
being to destroy the rabbits before 
planting the area With young treeS. The 
details of this test are given in Mr 
Gourlay's report, see page 6. 
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RABBITS IN SITU. 

As uncovered after the warren had been 
closed up for 24 hours. 

The result of tliia second test was 
highly satisfactory, and so clearlj^ cor* 
rohorate.s the conclusions arrived at by 
those .who have been testing the method 
in the various Australian States that 
the writer now has no hesitation in most 
strongly recommending the method as 
by far the best, cheapest, and most 
efficacious remedy yet discovered for the 
destruction of rabbits over large areas. 
With a view to making the method clear 
to farmers throughout the Dominion, the 
following points are now set out: — 

Nature of the Chemical Used. 

The chemical used is Calcium Cyanide, 
prepared in the form of an extremely 
fine dust or powder, as fine as flour. The 
chemical itself can be handled without 
danger, providing that it is kept dry; its 
great killing, power lies in the fact that, 
when exposed to moisture, a chemical 
reaction takes place which results in the 
production of the highly- poisonous 
lydrocyanic acid gas. The chemical is 
special retainers containing 
each; these can be opened and the 
nst Weighed oyt and repacked into 
emaller tins if so desired. If the dust 
^ snitjed in accidentally through the 
ose, a severe headache would be the 
®®ult; but with a little care this can 


easily he avoided. Tlie dust sliould not 
be handled in a moist atmo.sphere or 
(hiring rain without very great care 
being exercised. 

Type of Machine Used. 

The type of machine used for blowing 
the dust into the burrows is known as 
the “American Beauty Dust Sprayer,” 
as siipjilied liy the American Cyaiiamid 
Co. of New York, and their Anstraliaii 
agents. Messrs. Buzacott and Co., Ltd., 
iVlarket Street, Sydney. The machine is 
illustrated in the picture on p. 4, which 
sliow.s a man with it strapped in position 
on his back, and with the handle de- 
pressed at the end of the stroke by 
which tlie dust is pumped out in the 
form of a whiti.sh cloud. Tlie.so machines 
are of very neat and simple construction, 
easy to keep clean, and cai'ry enough 
dust (about lOlb) for a full day’s work 
ill the warrens. Inside the cylinder there 
is a feeding arrangement wliich regu- 
lates the supply of dust to the blowing 
tula*, the average number of puffs to 
the ounce being about twenty. Tliis 
gives 3200 puffs for a day’s work, using 
101b of cyanide. 

Method of Use. 

In order to got the best results, cer- 
tain simple rules have to be followed. 
These can easily be mastered by any- 
body, since they are the dictates of 
common sense, and require no special 
scientific knowledge. They may be sum- 
marised as follows: — 

A. — A preliminary survey of the 
ground to be worked should be under- 
taken first. The main object of this is 
to get a good idea of the type of war- 
rens to be treated, and more especially 
to mark those places where two, three, 
or four channels run into a single open- 
ing near the surface. In such cases, it 
is clear that the treatment of only a 
single channel would be useless; there- 
fore the best practice is to dig back 
with a spade so as to expose each chan- 
nel. The safe rule in dealing with this 
type of opening is to see that each 
channel shows a dust cloud issuing from 
it before being closed up. 

B, — Pop holes (vertical holes leading 
into a channel) should not be filled with 
soil, as this tends to block the passage 
of the dust along the channel below. 
The best plan is to cover each pop hole 
with tL clod or tuft of grass, and then 
place the soil above that, ramming it 
down after the dust has been blown in. 

C. — Carrying on the blowing opera- 
tions from the windward side of the 
warren, so as to prevent the breeze 
blowing the dust back along the chan- 
nels towards the operator. 
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D. — In ti'eating any section of a war- 
ren the method is to insert the noz/de 
about three or four indies only, not 
more, and then pump the dust in. Con- 
tinue to pufT until a good doud of dust 
ia either seen to rise from other exits 
or begins to come back out of the hole 
it ia pumped into. In the first case,^ it 
is clear that a branched warren is being 
treated, and an assistant with a shovel 
should cover in each oiiening with earth 
as soon as a good cloud of dust is seen 
rising from it, taking care to mark eadi 
place so covered in with a stick or twig 
stuck into the ground. In the second 
case it is' clear that a blind warren is 
being treated, and all that is necessary 
ia to close the single hole. 


zone too quickly to get poisoned. 

Effect of the Cyanide Dust in the 
Burrows. 

Wlien the dust is blown into the bur- 
rows, it travels along the channel fairly 
quickly, leaving a fine coating on Uie 
walls, and finally, finding a new outlet, 
it emerges as a dust cloud. Owing to 
the slight dampness of the walls of the 
burrow, hydrocyanic acid gas is 'given 
off gradually, and si)reads through the 
burrows, forming a gas zone. Any rab- 
bit which has to pass through tliis gas 
zone and breathes in it will die of 
prussic acid poisoning within a few 
minutes. Many of the rabbits, however, 
will remain in tlie lower lcv(‘ls of the 



A CLOSE VIEW OF THE MACHINE, INDICATING ITS CONSTRUCTION. 
Victims in the fore«rouiul. 


If the warren treated shows a con- 
siderable number of exits, it is advisable 
to treat it by blowing through several 
of them. The rule to follow in this case 
is, after having treated one opening, to 
select for next treatment that opening 
out of which the cloud of dust is longest 
in appearing. By blowing into such an 
opening it often happens that a new 
reticulation is discovered, which could 
not have been reached from the original 
hole treated. Always cover up the 
treated hole before leaving the warren. 

E. — Leave each warren treated cov- 
ered up for at least 24 hours, so as to 
allow for rabbits, coming up from the 
deeper levels at feeding time, to get into 
the gas zone. Experiments show that, 
if the burrows are opened too soon, 
some of the rabbits may be able to 
•escape by rushing out through the gas 


burrow until driven to emerge by 
hunger; thus, if the burrows are oi)ened 
too soon and the gas allowed to escape, 
some of tlic rabbits will not be 
destroyed. Sometimes rabbits are rest- 
ing in the channels along wliich the gas 
is puffed; tliesc breathe the dust into 
their lungs direct, and die very quickl> 

Results of the Seddon Experiment. 

Two Ijundred warrens were treated in 
the experiment carried out near Seddon. 
The largest number of exits to one. 
warren was twenty-five, with a calcu- 
lated area of reticulation of aboiw 
ninety yards, for whioli eight ounces oi 
dust were required. 

No warrens were dug out earlier than 
twenty-four hours after treatment; ex- 
cept in the case of one warren, m wluc 
owing to great depth, the digging cou 
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not be carried any distance, dead rabbits 
were found in every warren oj)ened. In 
one case only was a rabbit found dead 
in the act of attempting to escape by 
scratching at the closed exit; in one 
other case only did a rabbit run out 
from a burrow before the exit was 
closed, and this rabbit succunibed in 
two minutes, after running only ten 
yards, showing all the sj^inptoms of 
prussic acid poisoning. In all the other 
cases the dead rabbits were found in the 
burrows, where they had collapsed from 
the gas. 



READY FOR THE DAY’S WORK. 

Warrens may be treated with the operator 
standing erect by affixing an extra tube. 
The dust is clearly shown. 

e”>pha8i«e8 that care must 
he taken in digging out the burrows, 
as the pungent odour of the hydro- 
*^oticeable even three days 
ihff nf incautious breath- 

ing of It will cause a severe headache. 

nie^trw"’,®*'®P‘ o» experi- 

ental trials such as the one at Scd.Ioii, 

the r.<.?iT® we 

leave th* * ’ 1 *^** ^■hat is necessary is to 

rahbita decrease in the numbers of 
done amount of damage 

number I’'-<>bably a certain 

firJt^ destruction after the 
will in treatment, and thei-e 

should open up new burrows, which 
sity for when the neces- 

^lear, decking the rabbits becomes 


Area Capable of Treatment per Diem. 


in moderately infested country, as et 
Seddon, an area of from five to eight 
acres per diem was treated; doubtlll 
with increased skill in the use of the 
machine this amount could be consider- 
ably increased. Ten pounds of cyanide 
should be allowed for a day’s work (the 
actual amount used at Seddon was nine 
and a-quarter per diem, but tlie time 
was near mid-winter, and the day conse- 
quently a short one*) 


borne Australian operators report 
being' able to treat considerably more 
acreage per diem than this, but the clas* 
of country is perhaps easier to work. 


Cost of Treatment per Acre. 


The Calcium Cyanide Dust is being 
sold in Australia at the following prices : 

251b containers 35 /- 

101b containers 16 /- 

51b containers 8 6 

The price of the dust-blowing machine 
in Australia is £8/10/-. The Agents for 
New Zealand are Messrs. Wrighty 
Stephenson, Ltd., of Wellington. Prices 
should not differ much from those 
given for Australia. 


On the basis of the Seddon experi- 
ment, the average amount of cyanide 
used to the acre would be IJlb, so that 
the cost of treating 100 acres works out 
as follows: — 


100 acres at IHb per acre of cyanide 
dust equals 1251b dust. 

1251b dust at 35/- per 251b equals 
£8/15/-, 

Cost of dust treatment, excluding 
labour, 1/9 per acre. 

Recent reports from Australia indicate 
that treatment of large areas of rabbit- 
infested country can be successfully 
carried on at a lower cost than this'; 
an area of 5000 acres near Leeton, 
N.S.W., has recently been cleared at a 
cost of 6d per acre, and a contract for 
clearing another 4500 acres further north 
has been let to a firm at 9d. per acre. 
Gf course, the cost per acre depends on 
the density of the infestation and the 
nature of the country, but the above 
figures are quoted as a guide to what 
may be expected. 

Advantages of the Method. 


The new method offers many obvious 
advantages. In the first place, the 
machine is light and easily carried on 
the back; it is easily filled and operated, 
and no skilled knowledge is required in 
using it. In the second place, the 
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chemical used is not poisonous to handle, 
and is quite harmless as long as it is 
kept tightly closed down and away 
from moisture. Thirdly, the chemical 
used is not inflammable, as is the cast 
with carbon bisulphide. Fourthly, and 
this is one of the most important points 
in using the cyanide method, there is 
no danger of poisoning valuable animals 
other than rabbits; only animals 
actually in the burrows will get killed. 
Fifthly, there is no special preparation 
of poison baits required, as in the use 
of strychnine. 

In Australia one of the most disas- 
trous results which followed the use of 
the poison cart was the wanton (Festruc- 
tion of native birds; another was the 
great increase in blowflies due to the 
larvae breeding in the dead carcases 
lying about. With the new method, 
the birds are not e.xposed to any risk, 
and the dead rabbits do not lie abont 
for blowflies to breed in. 


simplest, and, at the same time, most 
scientific way of destroying rabbits has 
at last been found. 

[Copy of report by Mr. E. S. Gourlay 
on the work done near Seddon, July, 
1924, in connection with rabbit destruc 
tion by the cyanide method.] 

Location of Trial Area. 

The locality in which the demonstra- 
tion was given is on the terraces of the 
Awatere River in the Forestry Planta- 
tion Reserve a few miles from Seddon. 

The major portion of this area ig 
planted in twenty -year-old mixed pines, 
there being also a large stand of larch 
of the same age. 

As the available open areas are to be 
planted in pines this season, freedom 
from rabbits is a primary consideration; 
therefore a trial by the cyanide method 
was solicited by the Forestry Depart- 
ment of Nelson. Rabbits completely 
destroy the (commercial value of a plan- 



ANOTHER RUN', SHOWING THE CONNECTION, AND ALSO DEMONSTR.VTING Till: 
THOROUGHNESS OF THE DUST METHOD. 

The exit in the middle foreground could (luite easily be mistaken a.s belonging to th • 

same system. 


The only man who will have no time 
for the cyanide method will be the 
rabbit-trapper. Any'body who values 
rabbit skins more than the land which 
produces them will give the new method 
a wide berth; but for the fanner who 
knows the difference between the yields 
of a paddock free from rabbits and that 
of the same paddock when rabbit - 
infested, the new method should prove 
a boon and blessing greater than that 
offered by any of the known methods 
now in general use. A single trial sui- 
fices to carry the conviction that, in 
this method, the cleanest, cheapest, 


tation by nibbling olT tlu' growing 
of the young trees. 

Condition of the Ground Worked Ove., 

(1) The hjwer river terrace, wludi 
averages nine feet above the river bed, 
cronsists mainly of sand, papa clay, 
humus, with gi*avol at varying distances 
below the surface. The covering 
close-growing grasses, with occasional 
clumps of tussock, gorse, and manuka. 
On the back between the first ami 
second terraces is a thick growth or 
wild Irishman and New Zealand broom, 
interspersed with other native plants, a 


few larch trees being present in certain 
portions. (2) The second river terrace, 
one half of which is open tussock coun- 
try and the other half being covered 
with low-growing bushes of Muehlen- 
bcckia. In both instances the ground 
is difficult to work, owing to the near- 
pcss to the surface of shingle. Humus 
is the predominant soil content, and 
papa is not in evidence excepting as a 
very deep s^ibsoil. Rabbits were more 
plentiful among the Muehlenbeckia, and 
good warrens were secured for treat- 
ment. (3) The higher river terrace: 
Practically the whole of this is an old 
plantation, and as there were few 
warrens little attention was given to it. 

The lower river terrace was selected 
as a suitable ground over wliich to work, 
as rabbits viewed from the bank could 
definitely be ascertained to have entered 
warrens. A number seen to be inhabited 
in this manner were treated accordingly. 

Results. 

In all, over two hundred warrens were 
treated, and although it was not pos 
siblc to dig many of those out, none had 
been opened up in an interval of three 
days, so it is safe to assume that any 
rabbits in tliem perislied. 

Among them were instances in which 
twenty -five exits were found. In one 
case approximately eight ounces of 
powder was used, involving one hundred 
and fifty-six puffs of the machine. The 
total area in the reticulations must 
have been well over ninety yards. Those 
warrens in which rabbits were observed 
to enter were dug out at the end of 
twenty-four hours, and, excepting ii» 
one instance, when the direction was 
lost owing to great depth, all contained 
dead rabbits. 


It Was noticed particularly whethei 
any attempt had l)een made to burrow 
through the turf in the exits, and one 
such case was found. This rabbit was 
in a very deep warren, and evidently 
escaping the direct discharge of the dust 
through tlie main tunnels, had come 
out afterwards, being enabled to reach 
the entrance and scratch itielTeclually 
before succumbing in the |>oisonou8 
atmosphere. 

The pungent odour of the gas is 
noticeable even three days after treat- 
ment, and care had to be exercised in 
examination, the result of observations 
by an incautious worker being a severe 
headache. 

Immediately after treating one short 
run of 12 yards a rabbit ran out, and 
getting no furtlier tluin ten yards suc- 
cumbed convulsively in two minutes. 
This was an exception, as all other 
warrens had been covered in before any 
movements of rabbits within could bo 
detected. 

It was found that in this country 
where the infestUtion was moderate, five 
to eight acres could be worked daily, 
and in winter conditions with the 
attendant short days prevalent, repre- 
sented no more than a seven -hour day. 
For such a time nine and a^quarter 
pounds of powder were used. 

Conclusion. 

According to the results of this trial, 
the method may be expected to give 
satisfaction when a work of extermina- 
tion is entered into in a similar class of 
country. In heavily bushed districts 
the method is less applicable, but it may 
be pointed out that other methods are 
similarly incompetent in a greater or 
lesser degree. 
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THE BLACK TAIL PRAIRIE DOG 

In 1922 and 1923, Professor Otis Wade experimented 
with Cyanogas Calcium Cyanide for the control of the Black 
Tail Prairie Dog in Kansas. In this work a new method of 
applying Calcium Cyanide was tested. The treated bur- 
rows were left open and just as good results were obtained 
as if they had been closed. The gas given off from the Cyanogas 
Calcium Cyanide apparently formed a poisonous curtain of 
gas which killed the animal when it attempted to enter or 
leave the burrow. This method of treatment is known as the 
open-hole method of treatment. The reprint of Professor 
Wade’s article is taken from the Journal of Economic Knto 
mology, Vol. 17, No. 2, April 1924, page 339. 


THE EFFECTIVENESS OF CALCIUM CYANIDE IN THE EX- 
TERMINATION OF THE BLACK TAIL PRAIRIE DOG, 

CYNOMYS LUDOVICIANUS (ORD.) 

By Otis Wade, University of Missouri 
Abstract 

The efficiency of calcium cyanide as a control for prairie dogs was tested in 1922 
and 1923 in Kansas. The flake form of the chemical was used in dosages of 1, 
and 2 ounces. The material was placed in each burrow entrance from 1 to 2 
feet below the rim. 

In three “dog towns” doses of 1, 1 and 2 ounces were used and all entrances to 
dens closed. Total kills resulted in each instance. Eight infested areas were treated 
with 1, and \ }4 ounce doses and all burrow entrances left open In the two 
tests with lyi ounce doses total kills were obtained. Complete extermination 
resulted in one test with 1 ounce doses. In the remaining five tests where doses of 
^ to 1 ounce were used, the effectiveness varied from 90 to 99 per cent. 

The killing jx^vver of the chemical in open burrows in an important factor, since the 
(losing of burrows involves considerable time and labor 

Preliminary tests by Professor F. L. Hisaw, Kansas State Agricultural College, 
indicate that calcium cyanide might be effectively u.scd in the eradication gf the 
pocket gopher, Geomys bursarins (Shaw). Doses of 1 and 2 ounces were used. The 
dose w'as placed in the main run through an opening made with a trowel AftiT 
dosing the holes were closed. Effectiveness varied from (S<S to 94 per cent 

The use of calcium cyanide for the destruction of rodents was noted in 
a report by Professor George E Sanders of Nova Scotia in 1921 In 
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his experiments the material was used with success in the control of a 
species of ground squirrel commonly referred to in that region as a 
“gopher.” 

Since calcium cyanide is receiving considerable publicity and is being 
strongly recommended by some as an efficient control for various 
noxious rodents, it seems desirable to report the results obtained With 
this material in tests made on the prairie dog in Kansas. These tests 
for the control of prairie dogs were made by the writer in May and 
August 1922 and April 1923. 

The flake form of calcium cyanide was used throughout these ex- 
periments. The doses were placed down in the burrow entrances 
from one to two feet from the rim. 

Except in three tests, all entrances to the burrows were left open 
after the calcium cyanide had been administered. This was done 
because it was thought if the material did not prove elective without 
closing all entrances, which is a slow laborious process, it would not be 
superior to methods already in use and it was the labor and attendant 
cost we wished to eliminate if possible. 

The following data give the results of the first experiment : 


Date 

Area 

Dosage 

Entrances 

Results 

May 4, 1922 

40 burrows 

2 ounces 

Clo.scd 

Total kill 

May 5, 1922 

58 “ 

VA “ 


“ “ 

May 5, 1922 

157 “ 

1 



May 5, 1922 

107 “ 

\A “ 

Open 

(4 44 


Several inspectibns of the treated areas were made in May and June 
and a final inspection July 20. Not a living prairie dog could be dis- 
covered. A number of dead burrowing owls were noted in the entrances 
of open dens. 

The second experiment was conducted August 3 with the following 
results. 

Date Area Dosage Entrances Results 

Aug. 3, 1922 88 Burrows to 1 ounce Open About 98% kill 

Aug. 3, 1922 64 “ ounce “ Total kill* 

August 4 in the area treated with the smaller dose, three live dogs 
were; seen and fresh work around the entrances of two dens was ob- 
served. The supply of calcium cyanide being exhausted these two live 
burrows were treated with heavy doses of carbon bisulfide to insure the 
death of the inmates. In the second town where more than one hundred 
prairie dogs were seen the previous day, there was no sign of life and 
the town appeared deserted. Eight dead burrowing owls were foimd 
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April, ’241 wade: calcium cyanide for prairie dogs 341 

in open entrances, three being taken from one burrow. They had 
evidently gone in the evening after the treatment, which was about 
5 :00 P. M. and were overcome by the gas, indicating that the effectiveness 
of the gas is maintained for several hours after the flakes are placed 
in the burrow entrances. 

August 29 the two dog towns were again visited and no live, prairie 
dogs were seen and no signs of fresh work observed about any of the 
dens. The dogs were completely exterminated. 

A survey of the results obtained in 1922 showed satisfactory kills, 
where entrances to dens were left operil, with dosages of 1 to ounces 
per burrow. In the two tests made, May 5 and August 3 with 1)4 
ounces of calcium cyanide to the burrow, total kills were obtained 
and the other tests made August 3 with ^ to 1 ounce to the dose was 
very promising, with a kill approaching totality. In view of these results 
it was decided to continue the work in 1923 with a series of tests using 
a straight dosage of 1 ounce per burrow, in order to learn if this ap- 
parently minimum dose would be entirely effective. 

Date Area Dosage Entrance 

April 10, 1923 107 burrows 1 ounce Open 

April 10, 1923 250-300 burrows 1 ounce Open 

On April 14 one live dog and fresh signs around five or six dens were 
noted in the smaller town; in the second town no dogs were observed 
but there was some sign of their activities, and the owner of the farm 
said he had seen two dogs the day before. The kill in this experiment 
was considered to be about 99%. 

Another experiment was made as follows: 

Date Area Dosage Entrance 

April 12, 192:3 48 burrows 1 ounce Open 

April 12, 1923 253 “ 1 “ 

April 12, 1923 271 “ 1 “ 

At the time these towns were treated many of the females were 
suckling young but as yet the young apparently were too small to leave 
their nests since none were seen above ground. On May 19 all three 
dog towns were checked. In the first town no dogs or signs could be 
seen which indicated a total kill; in the second town three or four old 
dogs were in evidence and a number of young; in the third town a 
number of old dogs were seen with a fair sized population of emaciated 

looking young crawling about in search of food. It was concluded 

that, at the time the burrows were treated, some of the young must have 
been about ready to leave their nests but did not, until forced by starva- 
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tion to do vSO, when the gas was no longer effective. The jicrcentage of 
kill was estimated at 00% to 100% in these three towns. 

Preliminary tests by Professor F. L. Ilisaw, Kansas State Agricultural 
Experiment Station, indieate that calcium cyanide might be efTectively 
used in the eradication of the pocket gojiher. Doses of one and two 
ounces were used. 1'he dose was placed in the main run through an 
opening made with a trowel. These holes were always closed after the 
dosage was administered. In these tests only isolated runs were used 
and only one dose was put in a run. 

Calcium Cyanide dust was tried out in a few holes but proved not to 
have any advantage over the flakes. One hundred holes were given 
two ounce doses. In ninety-four of thCvSe successful kills were made, 
or about 94% effective. In 187 holes a one ounce dose was used. 
Of these, 21 holes were later found to be i)lugge<i indicating that the 
gopher was not killed. In the remaining !(>() the treatment was suc- 
cessful, giving a killing percentage of about HH%. Professor Hisaw feels 
that the holes plugged were for the most part done before gas could be 
generated from the flakes. He found that his best results were ob- 
tained in the spring when the soil was moist, while his poorest results 
were in the fall when the ground was dry. From this he concludes 
that the gas generation depends on rnoisture in the soil. He was able 
to detect the gas in the run 15 feet from the opening but no quantitative 
tests were made. 

These tests in the destruction of pocket gophers are preliminary and 
further work is necessary before safe conclusions can be made as to 
effectiveness under various conditions and the proper dosages to use. 

Conclusions 

Calcium cyanide when used at the rate of 1 ounce to each burrow was 
90% effective or better. When used at the rate of ounces total 

kills were obtained. 

The burrows need not be closed, thus making an a]>preciable saving in 
time and labor. 

The moisture in the air liberates hydrocyanic acid gas which remains 
in the burrow for several hours diffusing in all directions. The prairie 
dogs are killed in their attempt to come through this curtain of toxic 
gas, very .small amounts proving fatal. 

Temperature apparently is not a limiting factor in the use of calcium 
cyanide providing the inmates of the burrows are active. 

Preliminary experiments indicate that calcium cyanide may also be 
used for the destruction of pocket gophers. 
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The Black Tail Prairie Dog does not hibernate in 
Kansas. He may remain in his burrow during bad weather 
but on clear days he is active. This is the time when he most 
readily takes poison grain, hence it is of interest to know what 
success has been obtained by applications of Cyanogas Cal- 
cium Cyanide under winter conditions. On December 7 , 
1924, a snow and sleet storm occurred in Meade County, 
Kansas. December 8, was bright and sunny and although the 
ground was covered with ice and snow, the dogs were out of 
their burrows. A town consisting of 114 holes was treated, 
using one ounce per burrow. Twenty-four hours later only 
one live dog was found, representing a kill of over ninety- 
nine per cent. A town of similar size treated with poison 
grain at the same time showed fifteen dogs active at the end 
of a twenty-four hour period, representing a kill of only about 
eighty-seven per cent. 


COLUMBIAN GROUND SQUIRRELS 

Following the work of Professor Wade, the open-hole 
method was adopted for the control of the Columbian Ground 
Squirrel, Citellus columbianus, in the Northwestern United 
States. This rodent is responsible for an annual loss of 
approximately $10,000,000 to crops, principally wheat, in 
Washington, Idaho, Oregon and Montana. Extermination 
work is also being urged by authorities in Montana because 
of the possibility of its harboring the spotted fever tick in the 
Bitter Root Valley of Montana. In the experiments for the 
control of the Columbian Ground Squirrel, in the years of 
1923 and 1924, over 2,500 burrows were treated with Cyano- 
gas Calcium Cyanide and an average kill of 95% was obtained 
(Fig. 3-4). In February 1924, the Biological Survey, cooperat- 
ing with the Extension Service, State College of Washington, 
issued instructions under title of “Use of Calcium Cyanide in 
Destroying Columbian Ground Squirrel”, mimeograph sheet 
Bi-759. These instructions for treatment are as follows: 
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‘‘To Usii THE Flakes: put the material into a small 
bucket fitted with a tight lid. This should be done in the open 
air, and the bucket should be kept closed except when in 
actual use. With a long-handled mixing spoon that will hold 
one ounce of the cyanide, throw one heaping spoonful deep 
into the open burrow. Cover the field thoroughly, as each 
burrow left untreated reduces the desired results. It is more 
practical to leave the burrow open, as this saves the time of 
cne man and the effectiveness is only slightly, if any, increased 
where the burrow is closed. 

To Apply the Dust: use a portable dusting machine 
provided with a six-foot hose and carried on the hack. Insert 
the end of the hose well into the burrow, tamping loose dirt 
around it to prevent dust from escaping. Four strokes from 
die duster should force the equivalent of one ounce of material 
into each burrow. 
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The use of Calcium Cyanide is strongly recommended 
to supplement the poison grain, particularly in wild pasture 
lands surrounding cultivated fields. Where the work is care- 
fully done a 95 percent clean-up, or better, should result from 
the first application.’’ 

This method of control became so popular that county 
drives were organized for the destruction of the squirrels 
(Fig. 4-4). Various towns cooperated with the farmers, 
certain days being designated by proclamation as “squirrel 
days”. On these days business houses were closed and the 
townspeople went out to the farms to aid the farmers in 
applying the Cyanogas Calcium Cyanide. 



Fii(. 4-4. — Cyanogas Calcium Cyanide (drums in foreground) Ready for 
Di.stril)Ution to Inirmers for Control ol C()lum1)ian (jround 
S(|uirrel. ( tflice of Farm IFireaii .Ai^ent Hurford, Whitman 
Coll n ty , Wash in.i,Uon . 
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CALIFORNIA GROUND SQUIRREL 


Immediately following the publication of I'rof. (}. K. 
Sanders’ paper on the control of the Richardson (Iround 
Squirrel in Canada, experiments were started in California 
with Cyanogas Calcium Cyanide on the control of the Cali- 
fornia Ground Squirrel, Citellus heecheyi. We have con- 
ducted experiments for several years, the results of which 
are tabulated in Table 1-4. 

One of the chief difficul- 



Fig. 5-4. — Control of California 
Cround Squirrel. Calcium Cyanide 
Measured in l.argc Spoon 4 hen 
Placed W'ell Down in Puirrow. 


ties encountered in the work 
was the checking of the re- 
sults. If a given area is treat- 
ed, and the holes closed, in 
a comparatively short time, 
squirrels from the surround- 
ing area move into the treated 
area and scratch open the 
closed burrows. Even though 
a 100/v kill was obtained, a 
later check would show open 
holes and indicate an appar- 
ent lower efficiency than ac- 
tually existed. 

In the early work the 
closed -hole method was used 
entirely but in later experi- 
ments the efficacy of the open- 
hole method was demonstra- 
ted (Fig. 5-4). In using the 
open-hole method the deter- 


mination of the kill was 


made by closing the hole the day after treatment. A count 
was later made of the holes which had been opened. In all 
the experiments cited, an open hole at the time of checking 
was considered to represent a squirrel which had not been 
killed. The summary given in Table 1-4 shows that Cyano- 
gas Calcium Cyanide is as eflfective, if not more so, than any 
other method employed in squirrel control. 
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TABLE 1-4 

California Ground Squirrfx Control Experiments, California 
1921-24 


No. Holts Mat. Amt. Per Date Holes Holes Effic- 

No. Location Date Weathfr Soil Treateo Useo BiiRiiow Checreo Closed Open met Remarks 


1 

Stockton 

11-3-21 

Clear 

Heavy 

100 

Flake 

2.24 




90oF. 

Adobe 




2 

Fresno Co. 

12-5-21 

Gear 

Dry 

236 

Flake 

1.52 




95oF. 

Sandy 




3 

Fresno Co. 

12-27-21 

Gear 

Heavy 

71 

Flake 

2. 




70oF. 

Red 




4 

Fresno Co. 

1-1^22 

Qoudy 

White 

534 

Flake 

2. 




45oF. 

Ash 




5 

Fresno Co. 

2-1S-22 


Moist 

2191 

Flake 

1.76 





Red 




6 

Fresno Co. 

2-16*22 


Moist 

162 

Dust 

1.33 





Sandy 




7 

Fresno Co. 

5-14-22 



2779 

Flake 

2.15 

8 

Santa Monica 5*22-22 



949 

Flake 

2.2 


Canyon 







9 

Wabt 

11* *22 



6323 

Dust 

2.53 

10 

Santa Monica 11-27-22 



135 

Dust 

2.09 

11 

La Verne 

12-9-22 



233 

Dust 

2. 

12 

Walnut 

12*18-22 



122 

Flake 

2. 

13 

Ventura Co. 

12-24-22 



75 

Flake 

2.24 

14 

Porterville 

12-28-22 


Adobe 

142 

Flake 

2. 

IS 

Puente 

1-4-23 


Dry Recent 176 

Flake 

2.27 




Plowed 




16 

Arcadia 

1-5-23 



38 

Flake 

2.1 

17 

San Marino 

1- 5*23 



40 

Flake 

2. 

18 

Huntington Dr. 1-5*23 



41 

Flake 

1.97 

19 

Orange Co. 

1-11-23 



120 

Flake 

2. 

20 

Orange Co. 

1-11-23 



200 

Dust 

2. 

21 

Fresno Co. 

2-13-23 


Moist 

290 

Dust 

1.54 





Sandy 




22 

Fresno Co. 

2-18-23 


Moist 

104 

Dust 

1.34 




Red 




23 

Santa Monb 

^28-23 

Fair 

Hard 

502 

Flake 

2.07 



Rocky 




24 

Santa Monica 

3-8-23 

Fair 

Hard 

2878 

Dust 

.73 




Rocky 




25 

Merced Co. 

3-31-24 

Fair 

Light 

220 

Flake 

2. 


Warm 

Sandy 








Loam 




26 

Merced Co. 

3-31-24 

Fair 

Light 

62 

Flake 

2. 



Warm 

Sa^ 








Loam 




27 

Merced Co. 

3-31*24 

Fair 

Heavy 

no 

Flake 

2. 


Warm 

Clay 




28 

Obispo Co. 

4-16-24 

Fair 

Firm 

no 

Flake 

2. 



Warm 

Adobe 





Non:— ExpaiiiKiits 1921-23 Qosed Hole Method 
bferigienu 1924 Oim Hole Method 


oz. 12-21-21 84 16 84. 

1- 8-22 69 31 69. 


oz. 

12- 8-21 
12-28-21 

235 

228 

1 

8 

99. 

97. 

2-18-22 This plot rechecked 13 
holes open, 8 live squirrels notei 

oz. 

l-(h22 

1-20-22 

68 

70 

3 

1 

96. 

98. 

All holes open 1-6-22. Retreated 
with 4 oz. dose. 

oz. 

1- 25-22 

2- 17-22 

399 

324 

135 

210 

75. 

61. 

19 live squirrels seen on plot. 4 
busily engaged opening closed holes. 

oz. 

2-17-22 

2159 

32 

98. 



2-24-22 

2088 

103 

95. 


oz. 

2-23-22 

157 

5 

97. 


oz. 

5-24-22 

2593 

186 

93.3 


oz. 

5-30-22 

908 

41 

96.0 

About 150 acres. 

OL 

12- 1-22 

5870 

453 

92. 



12-26-22 

114 

21 

84. 

Treated four holes missed first 

ot 

1- 1-23 

127 

8 

94. 

application. 

oz. 

12-16-22 

202 

31 

86. 

Most holes open along fence bor- 
dering plot indicating reinfestation. 

oz. 

12-22-22 

114 

8 

93. 

Hillside heavy infestation. 

oz. 

12-28-22 

69 

6 

93. 


oz. 

1* 5-23 

98 

44 

69. 


oz. 

1-10-23 

156 

20 

88.6 


oz. 

1*10-23 

38 

0 

100. 


oz. 

1*10*23 

39 

1 

97.1 

Heavy infestation in banks of wash. 

oz. 

1*10^23 

39 

2 

95.1 


oz. 

1-16*23 

112 

8 

93.3 

About half holes open result of 
reinfestation. 

oz. 

1-16-23 

180 

20 

90. 


oz. 

2-23-23 

283 

7 

98. 


oz. 

2-5-23 

91 

13 

87. 


oz. 

3-9-23 

499 

3 

99. 


oz. 

3-16-23 

2654 

224 

92. 


oz. 

4-2-24 

215 

5 

97.7 

Well established colonics, good 
sized. 

oz. 

4-2-24 

62 

0 

100. 


oz. 

4-2-24 

no 

0 

100. 

Very large colonies. 

oz. 

4*i4^4 

99 

11 

90.1 

High knoll, not much chance for 
reinfestation. 


StiUMAiti-Cloied Hole Method 18,441 holes, 92254 control 
Open Hole Method 302 Wes, 96854 control. 
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WOODCHUCKS 

Experiments with Cyanogas Calcium Cyanide for the 
control of the Woodchuck or Groundhog were carried on by 
Professor W. P. Flint, State Entomologist of Illinois, in 
1923. He found that the best method was to place one 
tablespoonful (about 1 ounce) of Calcium Cvanide Flakes 
as far into tbe burrow as possible with a long handled spoon 
(Fig. 8-4). I'he entrance to the burrow was closed imme- 
diately with sod and damp earth. Similar results were ob- 
tained by Prof. J. J. Davis in tbe neighboring state of 
Indiana. 



()-4. —The W’arv \\ (KKlchuck. 
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The Groundhog is a serious pest in the middle-western 
United States due to its habit of burrowing in the levees 
along the streams. At the time of the spring freshets, the 
water rushes down these burrows, often causes a break at 
these points, and a flooding of miles of the surrounding ter- 
ritory results (Fig. 7-4). 



Fig. 7-4. — .\ 100 ft. l>reak in I.evec Oinsed by lligli Water W'orking 
Through WcMjdchiick Holes in Indiana. 


Due to the grpat interest in the control of the Groundhog 
in this area, Mr. Carlyle Carr of the Biological Survey co- 
operated with Professor Flint and Professor Davis in this 
territory in the spring of 1924. In May, 1924, the Biological 
Survey, United States Department of Agriculture, issued a 
mimeograph instruction sheet, Bi-768: 
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Kii(. (S4. — Treating- Woodchuck Holes in Open Field with Calcium 
C'yanide. Xote ()i)enint»' to Burrow in F'orc^round. 

“Directions for Destroying Wood Chucks or ‘Ground- 
hogs’ 

1. Make a complete survey of your farm for woodchuck 
burrows. 

2. Treat each used hole with 3 tablespoonfuls (1X» 
ounces) of carbon bisulphide, or I tablespoonful (about I 
ounce) of calcium cyanide flakes as follows: 

(a) Pour the carbon bisulphide on a small wad of 
cotton, rags, waste, or other absorbent material and 
throw or place well down into the burrow. 

(b) Place the calcium cyanide flakes as far into the 
burrow as possible with a long handled spoon. 

3. Close tightly the entrance to burrows immediately 
with sod and damp earth, taking great care to avoid loose 
sand or dirt falling upon the fumigant. 

4. rCxamine all treated burrows after the lapse of one 
week and retreat the reopened burrows. 
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IMPOR'rAKT 

Game and fur-bearing animals are protected by law. 
Be careful to avoid treating burrows or dens occupied by 
these animals. Treat woodchuck, burrows during the active 
season only.” 

County wide campaigns were held in several counties 
in the Mid-west in 1924, with such success that additional 
counties followed their lead in 1925 (Fig. 9-4). In 1925, 
a state-wide campaign for e.xtermination of woodchucks was 
successfully conducted in New York vState by Professor C. R. 
Crosby, co-operating with the United States Biological Sur- 
vey. In .New York State the woodchuck is injurious due to 
its feeding habits and to the liability of farm animals breaking 
their legs in the burrows scattered about the fields. 



h'ig. 9-4. —A I''ew I.ess ( iroundhogs in Iowa. 
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RATS 

The development of the use of Cyanogas Calcium 
Cyanide Dust for the destruction of rats around out- 
buildings and in city dumps is principally due to the work 
of Mr. Leo K. Couch of the Biological Survey, United 
States Department of Agriculture. An account of his ex- 
periments, as approved for our publication by the Biological 
Survey, is given below. 

“CALCIUM CYANIDE EXPERIMENTS ON RATS” 

By Leo K. Couch, 

Biological Survey. 

“In November, 1923, the possibilities of using calcium 
cyanide in rat control were first tried out on the city dump 
of Yakima, Washington. The practical application of this 
material having been worked out on Columbian ground 
squirrels, attention was turned to other rodent pests where 
recommended methods were not entirely satisfactory. Co- 
operating with representatives of the American Cyanamid 
Company, calcium cyanide dust was forced into rat burrows 
in the fills with a duster. Approximately ten pounds of dust 
were used on a small portion of the dump, with about two 
ounces to each burrow, measured by eight full strokes of the 
duster. This dose varied with the extent of each burrow 
system and the surrounding exits where the dust escaped. 
Rats would run from the burrows in a stupefied state. Many 
were killed with clubs, and many never reached the burrow 
entrance. In this experiment, about fifty rats were killed 
on the surface. 

“In December, 1923, the experiments were continued at 
the sanitary fills of Olympia, Washington. Dust was forced 
into burrows in the same manner as at Yakima. The first 
application of four pounds of dust killed fifty rats on the 
surface. A week later the same quantity was used, resulting 
in a pile of thirty dead rats. Reinfestation from nearby 
docks and wharves had refilled the burrows. Four subse- 
quent dustings, at intervals of ten days, accounted for one 
hundred and fifty rats with the use of about thirty pounds 
uf calcium cyanide. We were satisfied that the number of 
^*ats brought to the surface was not a true indication of the 
number killed. In an older part of the dump, where only 
mree came to the top, complete excavation of the burrow 
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disclosed forty-three dead rats packed together in a hollow 
recess. From their position it appeared that the first rats 
had been overcome while trying to escape, thus blocking the 
exit of those behind. 

“Experiments were carried out at the city dumps of 
Anacortes and Chehalis, in March and April, 1924. Only 
a few rats were killed in each case, owing to the large quan- 
tity of bulky waste, such as automobile fenders, etc. The 
gas could not be controlled as readily as where the ground 
was solidly packed. Rats would be driven from the “gassed” 
area, only to return, apparently not greatly disturbed. It 
was thought that two men operating dusters could lay down 
a “dust barrage”, working toward each other. This was 
tried out in a limited way on the more open section of the 
Olympia fill. It proved more successful than using one 
machine, but was attended by considerable waste of cyanide. 

“In July, 1924, rats were reported killing game birds at 
the State Game Farm, near Steilacoom. Investigation showed 
that the rats were using mole burrows in the open field. 
Calcium cyanide was pumped into these burrows, and we 
accounted for thirty-six dead rats on top. Approximately 
fifteen pounds of dust were used — more material being re- 
quired on account of the extensive burrow system. 

“In October, 1924, after the Yakima fills had been 
moved to a new location, twenty-five pounds of calcium 
cyanide were pumped into them— resulting in a kill of one 
hundred and fifty-four rats on the surface. The following 
November a demonstration was again held, with the city 
officials as witnesses. It was estimated that at least one 
thousand were killed in the burrows. This good showing 
was made with about twenty-five pounds of calcium cyanide, 
at a time when most of the rodents had deserted the old 


dumps for the new fills. 

“A rat survey among poultrymen in 1920 showed the 
seriousness of this rodent to the poultry industry. Although 
conditions on poultry farms are all different, yet it was 


thought calcium cyanide could be aplied in most cases 
where trapping and poisoning failed. On January 29, 1925, 
the farm of August Wax, King County, was visited. He had 
3,500 hens housed in four buildings— two of them being one 
hundred and twenty feet long and the others two hundred 
feet. They all had concrete foundations and floors, six 
inches through the concrete and dust boxes. Although it 
stormed all day, about twenty-five pounds of calcium cyanide 
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were pumped into the buildings. One hundred and sixty- 
three rats were picked up dead or killed with clubs. Mr. 
Wax reported later that he had seen only two or three rats 
since the demonstration, although he had been looking around 
every night with a flashlight. He believed we had exter- 
minated two or three thousand of the animals, as formerly 
he had seen hundreds on his tours of inspection. 

“With the results of the foregoing experiments as a 
background, it is safe to say that calcium cyanide will be of 
value as a rat-control method. Its use is limited, however, 
to situations where the gas can be controlled and not injurious 
to human life, poultry, and livestock. When the operator 
fills the machine and pumps out the material in the open air, 
there is little danger. 

“The killing power of calcium cyanide appears to be 
the greatest on still quiet days when there is considerable 
humidity, and on days following showers. When wind is 
encountered the material is wasted through rapid diffusion. 
Perfect weather conditions prevailed on the day we gave a 
demonstration on the F. H. Crowder farm, near Tenino, 
Washington. Cyanide was forced under buildings and into 
outside burrows. Fourteen rats were killed on the surface. 
The previous week he had lost forty baby chicks and nine old 
hens, but the losses ceased after our demonstration. 

CAUTION' 

“Calcium cyanide is a deadly poison. It should be 
kept closed air-tight in the original container and only trans- 
ferred to the duster in the open air. Read the precautions 
printed on the container label. Keep the container out of 
reach of children, irresponsible persons, and livestock.” 

A description of Mr. Couch’s experiments of particular 
interest to poultrymen is taken from The Washcoegg, Vol- 
ume III, No. 3, p. 7, July, 1925. 

“KILLING RATS WITH CALCIUM CYANIDE” 

By Leo K. Couch, Biological Survey, United States 
Department of Agriculture. 

“As a supplement to the trapping, poisoning and rat- 
Proofing methods recommended for controlling rats, the 
U. S. Biological Survey has developed a new method which 
should prove of value around rat-infested poultry plants in 
Western Washington. 



‘‘Calcium Cyanide in powder form is forced into rat 
burrows under building floors and foundations. This is done 
with a portable dusting machine. The dust is forced through 
a hose, entering the rat harbors in the form of a smokc-Iike 
spray. The dust, coming in contact with moisture in the 
air, liberates hydrocyanic acid gas in a concentration in 
which no animal can live long. The use of this material is 
limited, however, to situations where the gas can be con- 
trolled. 

“A number of successful applications have been made 
on West Side poultry farms. In co-operation with Mr. W. 
W. Henry, King County Agent, a control demonstration was 
held at the farm of August Wax, six miles east of Kent. On 
this farm were four buildings, two of them 200 feet long 
and the others 120 feet in length, all having concrete founda- 
tions and floors six inches thick and housing 2,600 hens. Mr. 
Wax had used every precaution known to rat-proof these 
buildings, but the animals burrowed under the cement foun 
dations, worked holes in the cement floors and burrowed 
through the dust boxes, Mr. Wax stated he trapped and 
poisoned with little success, as the rats had access to the grain, 
mash, eggs, and young and sick poultry, with the result that 
they were causing him a loss of $1,000 per year. Although 
it stormed all day, the cyanide dust was pumped under the 
buildings and 163 rats killed either conveniently picked up 
or pulled out of the burrows dead. These were only a part 
of the rodents actually killed. Mr. Wax advised he visited 
his houses night after night for some time, looking over and 
under the floors carefully with a flashlight. Only two live 
rats were seen, where formerly he had observed a hundred. 

“There are two types of dusters capable of forcing 
Calcium Cyanide effectively into rat burrows. The bellows 
type is the largest. This is carried on the back and has a 
capacity of fifteen pounds. The dust is forced out by means 
of a bellows handle operated with the right hand, through 
a hose and nozzle held by the left hand. This machine is 
adapted for large poultry plants, city dumps and garbage 
heaps. On badly infested farms, where this method can be 
used, it should be applied at least once a week, and there 
after as the rats appear. On account of the migratory habits 
of the rats, it would pay to have a duster and materials always 
on hand. 

“A small duster made similar to a bicycle pump has 
recently been devised for rat work and this more nearly 



10-4. — Effective Demonstration of Rat Control with Cyanogas Calcium 
Cyanide, Vineland, Xew Jersey. 
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meets the re(]uireinents of the average poultryman. The 
machine rests on the ground, the dust being pumped into the 
burrows through a flexible hose. 

“The U. S. Biological Survey, co-operating with the 
Extension Service of Washington State College, through the 
various County Agents, is planning a rat campaign the com- 
ing fall and winter on Western Washington farms and where 
feasible to use the Calcium Cyanide method, it will be re- 
commended. However, it must be kept in mind that when 
the rats are exterminated, rat-proofing must be planned to 
prevent a recurrence. 

“Plans are being formulated for the Washington Co- 
operative Egg and Poultry Association to keep dusters and 
Calcium Cyanide in stock. The cost of the dust and material 
are low in comparison with its effectiveness. Where not 
practical to use Calcium Cyanide, poisoning and trapping 
should be followed. The rat has kept pace with the growth 
of the poultry industry and is now responsible for an annual 
loss of thousands of dollars. Operating expenses must be 
met before the poultryman sets aside a profit. What the 
rat eats and destroys should be in the savings account of the 
grower.” 

Based on the above mentioned experiments, the Biologi- 
cal Survey cooperating with the State College of Washing- 
ton has issued the following sheet of instructions, Bi.-825, 
August, 1925: > . 

“KILLING RATS WITH CALCIUM CYANIDE” 

“When rats have access to unlimited quantities of food, 
as found in garbage heaps and on the average farm, control- 
hng them by poisoning or trapping often fails. In such 
the Biological Survey has developed a new method 
'V ich should be successful. Where rats burrow under 
poultry houses and other farm buildings having fairly tight 
•tors, calcium cyanide dust pumped into the burrows with 
a portable dusting machine has been found very effective. 

he cyanide is forced through a hose, entering the rat har- 
ttors m the form of a smoke-like spray. When the dust 
comes in contact with moisture in the air, it liberates hydro- 
J^yanic-acid gas, in a concentration of which no animal can 

hmg. It must be remembered that the fumigation 
lethod will not be successful under all conditions, but only 

vhere the concentration and spread of the gas can be con- 
trolled. 
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Fi.ii'. 12-4. — Rats Killed in City Dunip with (.'alcinm C^vanide. 
Portland, Ore*. 


“There are two approved types of dusters capable ()f 
forcing cyanide into rat burrows. The bellows type, carried 
on the back, is the largest, being adapted for use around 
large poultry plants, city dumps, and sanitary fills. The 
machine should be operated at least once each week in badly 
infested places, and thereafter as often as necessary to keep 
the rats under control. 

“A smaller duster, similar to a bicycle pump, has recent- 
ly been devised for rat control work, and this more nearly 
meets the requirements of the average poultryman. 1 he 
machine rests on the ground, and the dust is forced out 
through a fle.xible hose. This type permits more economical 
use of material than the large duster. 

“On account of the migratory habits of rats, it will pay 
the poultryman to keep a duster and a supply of the chemical 
on hand. The cost of calcium cyanide is low compared with 
its effectiveness. Its use should not be relied upon alone, 
but only as a supplement to the methods recommended for 
poisoning and trapping. Cleaning up the premises and 
rat-proofing the buildings will go a long way toward keeping 
rats from becoming troublesome.” 
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13-4.— ]<at Control in lui^Hand. Makin^^ Application of Cyanogas 
“A” Dust to Entrance of Rat Pnirrow. 
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14-4. — Resu]t> of the 4'reatinent with 
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VIZCACHA 

The Vizcacha, Laqostomiis nuiximiis, is a burrowing, 
nocturnal rodent, slightly larger than a cat, which is native 
to the Argentine. They are social animals inhabiting dens 
with from one to many openings. One interesting charac- 
teristic is their habit of gathering pieces of wood or chips 
which they place near the entrance to their burrows (Fig. 

A series of experiments in the control of this rodent 
with Cyanogas Calcium Cyanide were conducted by Mr. F. 
E. Todd in the Argentine in 1924 and 1925. It was found 
that the Vizcacha was very hard to kill, requiring a heavy 
dose of Cyanogas Calcium Cyanide “A” Dust. A dose of 
150 grammes was required for each burrow, except in the 
case of large dens having from 4 to 8 openings when a 
maximum dose of 500 grammes to the entire den proved 
effective. 

The method of treatment consists of blowing the dust 
into one or several openings of the den until it emerges from 
all of the others after which the entrances are closed. If a 
convenient duster is not available, the dust may be placed 
well down in each opening with a longhand led spoon and 
the opening closed with a tuft of sod. 



%• 15-4.— The Vizcacha, hhitrance.s to Nest— Xute Collection of Sticks 
Made hy the .Animal Near luitraiice. 
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THE GOLDEN MOLE AND THE CAPE MOLE-RAT 

Cyanogas Calcium Cyanide has been used with success 
for control of the Golden Mok% Chrysochloris sp. and the 
Cape Mole-rat, Balliyerf/us nuiritinins, infesting golf courses 
in South Africa. The original work was supervised by the 
Division of Kntomology, Union of South Africa. A brief 
account of the method of application and the successful 
results obtained is taken from Journal of the ]3epartment of 
Agriculture, Ihiion of South Africa, Vol. VIII, No. 6, June 
1924, page 546. The second report is from the same lournal, 
Vol. IX, No. 5, Sept. 1924, page 191. 
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:,4(; .loi K.xAK OF tiik Dki'aktmkxt of AtiUicrni RK. — )i nk. 


Molds and MolO-ratS« — According to iiifoimaiiuii supplied to the 
Division of Entomology, the Port filizubeth golf noirse has l)een 
i>erlously infeste<l with gt>l<len molea and mole-rats fnr tlic j>ast fifteen 
Vears, audjduTing that ])eri(Kl, something ift the neiglilM)iirho(Ml of 
£800 has Wn expended in attempting to control tin* nuisance by 
trapping the creatures. Although thousands were caught in traps, 
their destructive work continued to such an extent that the Eastern 
Orovinc" Entomologist was asked by the executive comntittee of 
the club to devise more effective means of control. Acting on the 
advice of this Division, liquefied hydiwyaiiic acid gjts and cab ium 
evanide were trie<l last Xoveml)er. Thnmgh the courtesy of the 
eVanide Gas (’ompaiiy, (’lareriiont, a supjtly «if the liquid was (d>- 
tained free of charge, ami Mr. ('. D. Grier. South African represen- 
tative of the American Cyaiiamid Company, kindiv presented calcium 
cyanide fot* the experimental worll. 

The liquid cyanide was used, in the following manner: The 
mound of soil ejected by the lodenis was first removed with ‘a spade 
and the opening of the burn)w exposed. An ampoule, or glass tube, 
containing twelve cubic centimetres of liquid was partly inserted into 
the burrow and then broken by means of u short iron rod. After 
doing this the mouth of the bunow'was tightly plugged with a hand- 
ful of grass or woodwool, Wnd a <iuaiitity of soil was placed over this 
and firmly ramme<l with the spade, (’alciuni cyanide is manufactured 
in the form of thin, gieyish Hakes, and the method of application 
was to insert two tablespoon fuls, approximately two ounces by weight, 
Into each hurrow. The moi>tujc piesent reacts on the (*ulcium 
evanide and lil)erates hydrocyanic acid gas. Before a burrow was 
cnarged with either of fhese cjiemicats it was first caiffully examined 
lo see that theie was do obstruction. 

From the middle of last Xo>*einl)er until 25th March, 1924, about 
h)ur hundred holes were treated with liquid cyanide and fifty-six 
with calciuvi cyanide. The metTiod adopted, when judging the 
icMills of the work, was to examine each fresh mound of soil that was 
ejected by the rodents fi\»m their bunH»ws to ascertain if the hole 
had been previously treated. Since the commencement of the work 
only two 'have had to be ictrented; the retreated Imri'cws, however, 
were close to rough ground in which the nalents were numerous. 
Before these experiments were made, the rodents were very numerous 
in the greens, but during the past two months they seem to have 
been eliminated. Suirounding the greens there is a large area of 
rough ground which is infested with the rodents, the treatment 
nf hole.s in this ground heing undertaken in April. 
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Calcium Cyanide for Moles.— Km timo past tin* Kasten, 

I'loviiica Kiilomoln^fisl . Mr. 1). (lunn, lias laaMi siipervisin^ tlu* con. 
trill Ilf llu‘ ^iiililni miila ami iimla rats iiilialiit inj; ilu* rouyli j^romiil 
licyiiiiil . I la* faiiwavs of tia* INnl Kli/.aliatli j^ulf links. .l\na* 

Iasi, .Mr. (liimi ln‘at(‘il ovi*r forlv lairrows witli ralciuin cyaiiifU*, uial 
'•iiHi* tin'll lima* of tIa* iraalril 1iiiiio\v> mir those in their iinineiliatr 
vii iiiltv liaM* lieen reopeneil. Other l)urrow3 were treated with liquid 
evaiiiile, lint these in niaii\ ea.ses leave had to he retreated. It would, 
iheietoie, appear that the ealeiuni cyanide is iinich more effective. 
Kailier treatments with ealeiuni eyanide eondiieted in Xovember, 
wen* equall\ sui l essful as for over nine months none of these 
had lieen reopened. The cost of treating u burrow with calcium 
evanide woikial mil, with railage and other charges, at two pencq 
jier hunow whilst the le.s.s satisfaetorv liquid eyauide cost sixpence, 
rile effeetivenes> of the ealeiuin rvanide is thought to he due to the 
-Inw t'Volution of tlie gas. 


THE TALTUZA 

^I'he Taltuza, Heterogeomys torridns, is a large pocket 
gopher injurious in the cofifee plantations of (ntatemala. A 
report on the use of Cyanogas Calcium Cyanide for the con- 
trol of this rodent has been published by the Director of 
Agriculture in connection with his report on the use of this 
material for the control of the Zompopo —The I.eaf-cutting 
Ant. We are reproducing this report from Boletin dc 
Agricultura Industria Y Comercio de Guatemala, Vol. IH, 
No. 2, Feb., 1924, p. 54-55, together with an English trans- 
lation. 
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54 BOLETIN DE A GRICULTURA, INiDUSTRIA Y COMERCIO 

Lucha contra el zompopo (Atta Sexdens) 

La American Cyanamid Co. de Nueva York, remitio a la 
Direccion General de Agricultura hace algo mas de cuatro me- 
ses una buena cantidad como muestra de un producto insectici- 
da, el Cianuro de Calcio a cuya fabricacion se dedica. 

Con la muestra recibida henios estado haciendo numerosos 
ensayos para conocer el valor del referido ingrediente para la 
destruccion del Zompopo. Los resultados obtenidos, suficiente* 
mente satisfactorios, permiten reconrendar el producto como 
digno de que se generalice su uso. 

El Cianuro de Calcio tal como los fabricantes lo poiien a la 
vcnta es una sustancia grisacea, parecida al cemento, que emite 
continuamiente a las temperaturas: ordinarias un olor pcnetrante, 
dcsagradablc. Ese olor es debido al acido cianidrico que conti- 
nuamente se desprende del producto y al cual se deben sus efec- 
los insecticidas. 

El producto nos llego en dos cstados de pulverizacion, una 
f6rma granulada que emite vapores en mcnor cantidad pero du- 
rante mas ticmpo, y otra finamcnte pulverizada que se vapori- 
za ton mayor violencia pero por la misma razon es de efectos mc- 
nos duraderos. 

El Cianuro dc Calcio se usa introduciendo una cantidad a- 
propiada y variable segun la importancia del zompopero, en las 
cntradas de este y haciendolo penetrar a la mayor profundidad 
posible, despues de lo cual sc tapa la entrada con ticrra bien com- 
primida. Por la conveniencia de que cl insecticida penetre bien 
adentro de las galerias, nosotros hemos encontrado preferible 
el producto reducido a polvo fino y el cual se inyecta con faci- 
lidad usando un fuelle cualquiera como los que se usan en las 
cocinas para avivar el fuego, o aim los que sirven para fumigav 
!as abejas. En los ensayos efectuados se uso un fuelle especial 
proporcionado por la misma casa y con el cual el tratamiento de 
los zoinpoperos es mucho mas eficaz aunque absorbe, por lo mis- 
nio una cantidad mayor de niaterial. Por excavaciones ulteriores, 
se ha constatado que el material pcnetra en todas las galerias, 
l^asta profundidad de mas de un metro. Todas esas galenas sc 
encontraron repletas de insectos muertos, pero en honor a la ver- 
dad debe advertirse que en otras galerias situadas algunas pul- 
?adas mas abajo dc las anteriores, el primer tratamiento no ha- 
l^ia side suficiente para destruir los insectos. En los zompoperos 
qiuy granides el procedimiento por seguir seria, en consecuencia, 
nacer una primera fumigaefon por las galerias que se notan des- 
oe la superficie y excavar hasta una media vara por ejemplo, pa- 
ra descubrir nuevas bocas por las cuales se hace posible inyectar 
^1 insecticida hasta mayores profundidades. Pero entre este nue- 
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VO tratamiento y el pnniero deben dejarse pasar algunos d'las 
por que los insectos no sucumben instantaneamcnte, bajo la ac- 
cion dc los gases asfixiantes y al excavar deniasiado pronto los 
lugares tratados, sc daria salida a estos, impidiendo su buen 
efecto. 

Recordani'os quc por los ni'Cses dc Marzo y Abril, acaban 
cle des;irrollarsc las hembras de Tos zompopos que con las prirne- 
ras Iluvias salen a poner huevos y formal* nuevas colonias. 

Es en consccuencia de la mayor importancia intcn^ificar l;i 
lucha contra tales insectos por los mcscs indicados y el dc Mayo, 
ya quc con cada hembra quc se destriiya antes de que haya efcc- 
tuado su postura, es un zompopero entero quc se evita. 

El Cianuro de Calcio ya citado, cl Sulfuro de Carbono. el 
Carburo de Calcio, o la excavacion de los nidos, cualquie’ pro- 
cedimiento y el que se tenga mas a la mano, debe emplcarse con 
energia y por el mayor numero de interesados para acabar con 
tal plaga y empleandose en la epoca en que entramos, el trabajo 
necesario para Ilegar a un rcsultado eficaz sera m/ucho mcnor. 


El Cianuro de Calcio granulado recibido, se distribuyo cn 
parte, entre algunos propictarios que sufrian danos en sus plan- 
taciones, de parte de las taltuzas. Varies nos ban informado de 
un resultado tambien satisfactorio. Mas o mcnos deben ponerse 
dos onzas del producto lo mas adentro que se pueda en la galeria 
cuya boca sc tapa en seguida con un punado de paja o con tie- 
rra, y cuando las galerias se notan a lo largo de la superficie del 
terreno, convicne abrir chimeneas a cada cinco pies de distancia 
por las cuales sc itroduce una onza de Cianuro de Calcio tapan- 
do en seguida con un punado de zacate pero con la precaucion 
necesaria para no derrund^ar la galeria e impedir asi la facil 
expansion del gas asfixiante. I.as galerias no tardan en sattirar- 
se de gas y se inantienen asi por un tiempo sufucientcnnente lar 
go para asfixiar los roedores quc se cncuentran en ellas. 


Procediendo con cuidado cn el manejo del Cianuro de Cal- 
cio, los peligros que rcsultan no son extraordinarios pero es ne- 
cesario saber que el gas que emite debe respirarse lo menos qne 
se pueda y que despues de haber tocado cl material no deben lle- 
varse las manos a la boca. Es tambien necesario evitar que cl 
polvo entre en contacto con la came viva por las lastimadiiras o 
heridas que se pudieren tener en las manos. 
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bulletin of agriculture, industry & COMMERCE 
fight against the “ZOMPOPO” (Atta Sexdens) 

‘‘The American Cyanamid Co., of New York, sent to 
the Director General of Agriculture about four months ago 
a good sized sample of an insecticide, Calcium Cyanide, 
which the said company manufactures. 

We have been using the sample in a large number of 
trials in order to determine the value of the said product 
in the destruction of the Zompopo. The results obtained arc 
sufficiently satisfactory to warrant recommending the said 
product as suitable for general use. 

The Calcium Cyanide, as it is sold by the manufacturers, 
is a gray substance, similar to cement, which sends forth 
steadily, at ordinary temperatures, a penetrating odor which 
is very ofifensive. This odor is due to the hydrocyanic acid 
gas which is continually given out from the product and to 
which it owes its insecticidal properties. 

The product was received by us in two grades of fine- 
ness, one in a granulated form which gives out vapors in 
small quantity but of longer duration, and the other finely 
ground which vaporizes more quickly and for this reason is 
more rapid in its action. 

The Calcium Cyanide is used by blowing through the 
entrances of the nests an amount which varies according to 
the size of the nest and forcing it as deep as possible, and 
then the entrance is covered with earth well compressed. In 
order that the insecticide shall penetrate well inside the 
galleries we have found that it is preferable to use the finely 
ground powder, which is forced in with any kind of bellows 
such as those used in kitchens to make fire or even those used 
to fumigate bees. In the trials made, a special bellows 
furnished by the manufacturers was used and with this the 
treatment of the ant nests is more efficient, although a larger 
amount of the material is used for the same purpose. Dig- 
gings made later on showed that the material penetrated 
throughout all the galleries up to a depth of more than one 
^aieter. All the galleries were found full of dead ants al- 
though for the sake of truth it must be stated that in some 
other galleries, a few inches below the upper ones, the first 
treatment was not sufficient to destroy all the insects. In the 
very large nests the process to be adopted would consequently 
he to make the first fumigation through the galleries seen 
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on the surface, and then to dig to a depth of half a yard, for 
example, in order to discover new entrances through which 
to apply the insecticide to greater depths. But between the 
first and the second treatment a few days should elapse because 
the insects do not die at once under the effects of the deadly 
gases and if the digging is done too soon the gases would 
escape and their effect would be impaired. 

We call attention to the fact that by the months of 
March and April the females of the Zompopos attain their 
full development and that at the first rainfalls they come out 
to lay their eggs and create new colonies. 

Consequently, it is of the greatest importance to inten- 
sify the light against these insects during the said months and 
also in May, since each female destroyed before having a 
chance to lay its eggs means prevention of a new nest. 

The said Calcium Cyanide, as well as Carbon di-sul- 
phide, Calcium Carbide, or the digging out the nests, or 
any process available, must be applied efficiently and by the 
largest number of interested persons in order to exterminate 
the pest, and doing the necessary work in the season we are 
entering now to attain satisfactory results. 


The Calcium Cyanide received in granulated form was 
partly distributed among some farmers whose planta- 
tions were attacked by the ‘‘Taltuzas’’. Several of said farm- 
ers have informed us that they have obtained satisfactory 
results. About two ounces of the product should be intro- 
duced as far inside the gallery as possible and the entrance 
covered at once with straw or earth, and when galleries arc 
seen along the surface of the ground it is well to open chim 
neys five feet apart through which one ounce of the Calcium 
Cyanide is dropped and the opening closed at once with 
grass but being careful not to break the gallery down as it 
would prevent the spreading of the lethal gases. The gal 
leries are very soon saturated with gas and kept that way 
for a time long enough to kill all the rodents inside. 

If the Calcium Cyanide is handled with care the danger 
associated with its use is not great, but it is necessary to know 
that the gas produced by it is to be breathed as little as 
possible, and after having handled the material you must 
not put your hand to your mouth. It is also necessary to 
keep the powder from entering into contact with any wound 
or open flesh in the hands.” 
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CRAYFISH AND LANDCRABS 

The ‘‘Prairie Crayfish’’, Carnharus hiujenianus, occurs 
in some sections of Mississippi as a serious field pest. This 
Crayfish occurs on comparatively high land, making a bur- 
row deep enough to reach the water level. In the infested 
area from 5,000 to 10,000 burrows per acre are common. 
During rains, the crayfish come out and feed on corn, cotton, 
and similar crops. Professor R. N. Lobdell, of the Missis- 
sippi A. & M. College has used Cyanogas Granular Calcium 
Cyanide for the control of this pest. The treatment should 
be made sometime between the middle of F'ebruary and 
cotton-chopping time. Each burrow should be treated with 
one-half teaspoonful of material, and the burrow closed. 



Fi.i;. 16-4. — [.and Crab Killed with Cyano^^as Calciiiiii Cyanide. 
Dead C’rab at b'ntrance to Iturrow. Coconut (jrove, Fla. 
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A species of Cambarns, possibly the above species, oc- 
curs in Illinois where control experiments have been con- 
ducted by Professor C. C. Compton. Out oi 177 holes 
treated with one-half ounce dose, two were reopened and 
three made new holes. A second application resulted in a 
complete kill. I.ater four acres were treated with c(]ually 
^ood results. 



17-4. — idorida Gopher (4'iirlle) Killed with Cvanojj;as d reatment. 
Note (‘haracteristic Shape of Burrow. Coconut (drove, Ma. 


Throughout the tropical world in the low coastal re- 
gions, Land Crabs are a serious pest. On the east coast of 
Florida, Land Crabs, Cardisoma giianhum, are very destruc- 
tive to winter-grown tomatoes. In this area, in 1924, our 
Mr. R. G. Eidson conducted a series of experiments using 
from one-third to two-thirds of an ounce Cyanogas Calcium 
Cyanide “A” Dust to each burrow. The material was ap- 
plied with a spoon. A kill of 96 to 100 per cent was obtained 
(Fig. 16-4). In 1924, similar results were also obtained in 
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the experiments for the destruction of Land Crabs in Panama 
Canal Zone. Following the experimental work, Cyanogas 
Calcium Cyanide was used by the Military authorities for 
this purpose. They consider that Calcium Cyanide “has 
proven to be the best eradicator of this pest over all other 
methods or chemicals heretofore discovered. When Cyano- 
gas is used, it not only destroys the pest while in his hole or 
habitat, but that hole will never again be used by other crabs, 
therefore, causing new holes to be made, in which event they 
are more easily discovered and disposed of”. 

LAND TURTLES 

The Land I'urtle, Goplieriis polyphemus, is oftentimes 
a troublesome pest, experiments have indicated that a two 
or three ounce dose of Cyanogas Calcium Cyanide “A” Dust 
may be used in their control. Material should be placed 
well down in the burrow and the entrance closed with the 
heel (Fig. 17-4). 
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Ants 

In general ants are not considered to be of great economic 
importance. This is probably true if one considers only the 
common lawn and garden varieties of the temperate regions. 
However, on consideration of the ants in the tropics and par- 
ticularly tropical America, we find that they are of great eco- 
nomic importance. 


LEAF-CUTTING ANTS 

The enormous losses caused by this insect arc well shown 
by Dr. C. H. T. Townsend, entomologist for the State of 
Sao Paulo, Brazil, in an article entitled “A Billion Dollar 
Insect — Its IHimination: The Sauva Ant.’’ The following 
paragraphs arc quoted from the Almanak Agricola Brasilciro, 

1923, p. 251. 

^The sauva or leaf-cutting ant of tropical America, is, 
from the standpoint of agriculture, the most destructive insect 
in the world. It undermines and overruns the tropical and 
sub-tropical parts of both Americas, from Texas to Argentine, 
except in arid and highly elevated districts. It is estimated 
that its annual damage to cultivated plants in the State of Sao 
Paulo alone is twenty-five million dollars, and in all Brazil, 
at least, two hundred and fifty millions. As practically only 
the coast strip of Brazil is at all thickly settled, while the great 
interior plateau and Amazonian forest regions are almost 
uncultivated, it is quite certain that the settled portion of the 
rest of humid tropical South America, comprised in the 
Ou ianas, Venezuela, Colombia, Ecuador, Peru, Bolivia, 
Northern Argentine and Paraguay, suffer an annual loss from 
the sauva double that of Brazil, or five hundred millions. Add 
to these figures the loss in the settled districts of the Central 
American Republics and Mexico, which certainly equals that 
of Brazil, and we find that the annual board bill of the sauva 
is easily one billion dollars. No other insect on earth can 
qual this. 

“Tropical America and practically all of the Amazonian 
^^gion, the most fertile and extensive warm agricultural region 
on earth, will one day feed the world’s population. When that 
day arrives and the cultivated area is increased at least, a 
hundredfold throughout these countries, while productive 
capacity, due to more intensive systems of agriculture is further 
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increased tenfold to what staggering and incomprehensible 
figures will the sauva loss attain, if the pest is allowed to per- 
sist ? It is easy to realize in the face of this showing, that the 
sain a must be eliminated, if the agricultural interests of trop 
ical America would come into their own.” 

Before taking up the experimental work a brief descrip 
tion of the distribution and habits of these ants might be of 
interest. 

'riie leaf-cutting ants occupy a large territory. They are 
found in tropical and sub-tropical America from Texas to 
the Argentine in the low humid portions of the country. 
Species of these ants are also found on the islands of Cuba, 
'Frinidad and Tobago. They are not known in the old world. 
Idle wide distribution of this pest has led to great variety of 
local names in the countries infested. Some of the more coni 
mon names are Sauva in Southern Brazil, FOrmiga de Roco 
in Northern Brazil, “la hormiga Colorado” (ison) or 
(minera) and la hormiga negro in the Argentine. They arc 
known as Fourmi \lanico in I'rench (niiana, Coushi ants in 
British (juiana, Farasolmieren in Suriname, Bibijagua in 
Cuba, l^lrasol ants and “Bachacks'’ in 'Trinidad, Tot ants in 
Tobago, Zompopo in (jiiatemala, and the Wee Wee in British 
Honduras. 

The most important leaf-cutting ant of Brazil is deter- 
mined as Atta scxdens. This species carries out extensive ex 
cavations resulting in the formation of large surface mounds. 
These mounds have been known to cover as much as a thou- 
sand square metres of surface and to extend in depth as far as 
eight or nine metres below the surface. Cases of nests so ex 
tensive that they have extended from one bank of a river, 
down under and up onto the other side are on record. TIk* 
population of such nests has been estimated at from 175,000 
to 6()(), ()()() individuals. 

All nests begin with a single opening and food chamber. 
This is started by the (|ueen after mating, which usually takes 
place early in December, in Brazil, when the ants swarm. 
After mating, the queen digs a hole into the ground and seals 
herself into a small chamber. Here she cultivates the fungus 
which she has carried in a pouch in her mouth from her oKl 
habitation. Upon the care and growth of this fungus dc 
pends the success of the new nest. As it grows the quecu 
cultivates it in the shape of a dish in which she later lays her 
eggs. About fifteen days after the (jueen has started the nest 
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Imi;. 1<S-4. — [-'.xcavalcd Xcst of .Vln 
sr.vdciis. Showing' I’aiicllas. 


to nearby trees for leaves. 
1 here are specially equipped 
cutter workers with sharp 
mandibles who climb up the 
trunks and cut out pieces of 
the leaves which fall to the 
.i^round and are taken up by 
others, whose sole job is to 
gather leaves and carry them 
to the nest. 

Before beginning to gather 
leaves an entrance to the nest 
made near the selected tree 
‘tnd a trail cleared from this 
entrance to the tree so that 
there will be an unimpeded 
path for their activities. Along 
path is a continuous 
double line of ants, the one 
hearing leaves to the nest, 
the other returning to the tree 
further material. If the 


the hrst eggs hatch. She cares 
for these young and feeds 
them on her own eggs until 
the fungus garden has made 
SLiflicient growth to fill the 
food re(]uirements of the new 
colony. About forty days after 
the colony has started the first 
workers mature. A week later 
the larger workers develop 
and dig up to the surface and 
the enlargement of the colony 
has begun. 

During the period in which 
the nest has not yet been 
opened to the surface those 
workers which have been 
hatched manure the fungus 
with their excrements and cul- 
tivate it carefully. As soon 
as the nest has been opened 
other types of workers go out 



Fig. PM. — fijilarged Section of 
Nest Shown in Fig. 18-4. 
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pieces of leaves are too large to be taken into the entrance other 
workers from the interior of the nest come out and reduce them 
to small pieces, taking them into the nest where they are built 
up on the floors of the large nest chambers (panellas) into a 
spongy like mass upon which the food-producing mycelium 
is grown. 

In the composition of a nest there are one or several 
queens, males, soldiers, and various types of workers which 
range from ordinary size down to the size of the head of a pin. 
Each caste has its own special function. The reproduction of 
the nest is taken care of by the queen and the males. The 
soldiers are equipped with fierce jaws and at any disturbance 
of the nest, flock out in swarms and attack any strange object 
near the nest. Each of the workers is fitted for its own type of 
work; some are leaf cutters, others porters, still others act as 
nursemaids to the larvae, licking and feeding them. There 
are gardeners who care for the fungus and other small ones 
whose function is to keep the nest clean. Some of the types of 
the workers never leave the nest. 

The nests or ant hills vary in size from one cavity with a 
single opening to a large number of cavities with commun- 
icating passages and many entrances. The entrances are marked 
by little mounds called eyes or craters. The principal ent- 
rances lead down to the panellas (food chambers) and rearing 
rooms, 'rhe panellas are ordinarily about the size of a human 
head (Fig. 18-4) with a vaulted ceiling and a Hat floor. The 
numbers of entrances of a single old nest have been known to 
exceed a hundred and fifty. 

The damage that they do consists of the complete defolia- 
tion of economic crops of great value. 'Fhis defoliation of 
crops usually takes place during the night or early morning. 
It is not uncommon for a man to wake up and find that nothing 
is left of his promising citrus grove but the leafless trunks 
and branches. (Fig. 20-4.) Their work is swift, methodical, 
and complete. Apparently citrus leaves are favorite garden 
supplies of these ants but they are also very fond of rose, cot 
ton, and vegetable leaves. They never make raids upon coffee 
and tobacco and dislike such thick leaves as corn. 

Dr. C, H. T. Townsend, while acting as entomologist 
for the state of Sao Paulo, conducted many experiments look 
ing toward the control of the leaf-cutting ant. He earl) 
reached the conclusion that hydrocyanic acid gas was the one 
effective formicide. Carbon bisulphide, chlorine gas, the 




Imi;. 20-4.- C 'iinis Tra* 

Dt'foUati’d by 1 Ants. 


directions, it had no warning 
odor, and was instantly to.xic. 
Thus the ants were killed be- 
fore preparations for escape 
rould be made. 

At that time the source ol 
hydrocyanic acid gas was b\ 
generation from sodium cya- 
nide and sulphuric acid. This 
would necessitate some ar- 
rangement whereby the gas 
eould be generated outside the 
nest and then forced into it. 
Mr. James Zetek, in the Pan- 
^^nia Canal Zone, had obtained 
^ eertain degree of success in 
tiestruction of ants by the use 
solutions of sodium cyanide 
poured into the nest. This 
method was being used 
success on other species 
ants. K.xperimental work 


burning fumes of sulphur and 
arsenic, and sulphurous anhi- 
dride were all tried with but 
inferior results. From care- 
ful study he concluded that 
the slow diffusion, the fact 
that none of them were in- 
stantly toxic, and that all pos- 
sessed an intensely repellant 
odor gave the ants a chance to 
escape either by blocking the 
corridors at the first warning 
or suspending their breathing 
by closing their spiracles un 
til the material had become 
harmless by diffusion. On the 
other hand hydrocyanic acid 
possessed the desirable (]uali- 
ties for a perfect formicide. 
Being lighter than air and 
having a high molecular ac- 
tivity, it diffused rapidly in al! 



log. il-4.--Tree in Same (irove 
not attacked l)y .Ants. 


indicated that hydrocyanic acid was a most effective formicidc 
providing that an easy method of application could be devised. 
Cyanogas Calcium Cyanide as a convenient source of hydro- 
cyanic acid gas appeared on the market at about that time. 

Dr. Townsend used the flakes in his first work with 
Cyanogas. The method of application was very simple. As 
many holes as were located were enlarged and the flakes 
poured in and the holes closed with earth. Repeated experi- 
ments demonstrated the fact that the flakes were ineffective due 
to the fact that they could not be so placed that the liberated 
hydrocyanic acid gas reached all parts of the nest. It killed 
all ants with which it came into contact, but failed to reach 
all parts of the older and more extensive nests. At about the 
same time Dr. Stephen Bruner was obtaining similar results 
in Cuba for the control of the Bibijagua with Cyanogas Cal 
cium Cyanide flakes. 

Dr. Townsend^s next experiments were aimed at the use 
of Cyanogas in the form of a dust. In the application of the 
dust one of the main openings of the nest was selected and into 
this the dust was forced by means of a suitable duster. Du>t 
would then emerge from other openings of the nest. Idiese 
openings were closed and the pumping was continued until a 
definite back pressure in the duster indicated that all of the 
communicating openings had been closed. Other openings 
from which dust had not emerged were then treated until dust 
had been pumped into or emerged from every opening in 
the nest. 

Unfortunately the dust which had been shipped to Dr. 
Townsend was the old ‘‘C” Grade which contained 75 % talc 
as a diluent. Even with this diluted form good results were 
obtained but it was necessary in the case of the older nests to 
treat them a large number of times before complete extermin- 
ation could be obtained. He considered that the Cyanogas 
Calcium Cyanide was the most effective formicidc that he ha(i 
ever used for the control of the sauva. 

Jn 1924 our Dr. E. D. Wilson and Mr. Frank Sheehy 
were sent to Brazil to develop the market for Cyanogas fo' 
the control of the sauva. It was then discovered that all the 
experiments had been conducted with the old ‘"C” Grade 
instead of Cyanogas ‘‘A’’ Dust. It was therefore necessary te 
carry out experiments using ‘‘A’’ Dust to determine whcthe« 
by the use of the stronger material, the number of treatments 
necessary for extermination in the case of old nests could nor 
be reduced. The results of these tests are incorporated m 
Table II. 




Tests aj^^ainst Atta sc.vdtus, F. K. Sfi eem v-Brazil-1924 Table II 



I'ests uiLiaiiist .llUiSi.vdms. I'. I*'.. Sn kf.n v-!’»ra/-i]-l<>-^4 
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Results of these experiments indicated that the ants in 
small nests could be easily exterminated but that several treat- 
ments were necessary for nests which had been established 
for many years. The necessity of repeated treatments was due 
to the extensive underground workings of the ants which 
made it very difficult for the gas to penetrate to all parts of 
the nest. The Cyanogas apparently poisoned the fungus, 
and any ants which survived the first treatment always en- 
deavored to rcmo\’c this poisoned fungus from the nest. Later 
treatments would therefore reach deeper portions of the nest. 

Another important point discovered was the presence ol 
a draft thru the nest. It was found that there were certain 
holes with a strong internal suction. I'or instance, when a 
pump was held as far away as six inches from the entrance, 
all dust pumped into the air was immediately sucked down 
into the nest. It is not known whether this suction is limited 
to certain times of the day but it is plain that the ants so con 
struct their nests that certain drafts, for fresh air supply, 
may occur. 

Dr. C. II. T. d^)wnseiuLs recent conclusions after live 
years work in extermination of Atia .vcxv/cz/.v are here repro- 
duced from an article entitled “Cyanogas C'alcium Cyanide 
for the Control of Alfa sexJens L. in Brazil'’, Journal ot 
Lcoiiomic Kntomology, Col. IH, No. 6, 1925, p. S4(). 


Cyanogas CalCium Cyanide for the Control of Allu L. in Brazil, ('yanoi^a.s 

Calcium Cy\ani(jc has tV)r its hast- ih • c’ncmical i Icincni nitroK<-n. cxlraetcd from the 
air by ilcctric jjowct generated .a' Niagara I'alls in North AnK-rica. Just two essen- 
tial points need emphasis with regard to the use off'yanogas in the extermination 
of the .sauva. Tlu'se are that : 

(1) For more than dO years hydrocyameaeid gas lias Ihi'h reex.ignized as the nuest, 
])ow'erful and therefore the most etricient inseelieide. During all this time nothing 
else has been able to comjiete with it, and it lias eonsequently lieen employed in 
all cases where j-racticable. But it was nut jiraetieabk' to ajiply it to formigueirns 
with the ],)ot method of generation by means of sulphuric acid, water and cyanide 
of soda, which for many years was the only method used in its jiroduetion. 

(2) Two years ago, wIk'ii C'yanogas Caleium C'yanidc was iilaced on the markel , 
it first liecamc practicable to ap|)ly hydrocyanic acid gas to the formigueiros, 
since Cyanogas generates this gas on being blown into the liolcs. 

borne 2.5 years ago, w lu n the use of hydrocyanic acid gas as an insecticide was com- 
[>aratively new, Dr. Dafert, then director of the Institiito Agronomico of the Stale 
of Sao Paulo at Campinas, exjierimcnted with it against the sauva. In his rejiort 
on experiments with, all formicides known at tlie time, he stated that hydrocyanic 
acid gas is 10U% cflicient and no other formicide can compete with it, hut lie ex- 
plicitly states also that lie can not recommend its use on account of the danger at- 
tendant upon apidying it. About .1 years ago, in a bulletin on sauva and the best 
know'n formicides, the writer, then with the Director of Agriculture of the Stale of 

Note: Sauva— - Leaf-cutting ant, Atla sexdcns L. Formigueiros— Underground 
g^illeries or nest of Alta scxdetis L. 
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Sao Paulo, stated that without doubt hydrocyanic acid gas would supersede all other 
formicides once a practical method was devised of applying it to the formigueiros. 
Cyanogas Calcium Cyanide was still unknown, but its appearance two years ago 
solv'ed the ])r{)V)U'm of tin- i)ractical and simple apj)lication of hydrocyanic acid gas 

to lh(' TU'StS. 

With only ordinary juveautions, iIktc is absolutely no ilangcr in the ajjplication 
of Cyanogas. The dust and the vai>ors given oil by it should not be inhaled, the 
dust slK/uld not get into the mouth nor .should it come in contact with skin abrasions. 
In the open air there is no danger of inhalation, in a closed s]>act' of humid air the 
handling of o])iti tins of Cyanogas would be dangerous. In case of any ( fTccts arising 
from inhalation, the antidote is fumes of ammonia inhaled and artificial resjiiration 
if ncccssar)'. The writer has use d C'yanogas Calcium Cyanide for two yc^irs without 
the slightest ill effect. Moreover, the Brazilians have long Ix’cn familiar W'ith this 
jioi.son, for h\'drocyanic acid gas is the active ])nnci])le in the poisonous juice of hitter 
mandioca. 

Full strength C\anogas Calcium Cyanide is about 48 to ewanide of calcium. 
It must be used in finely powdered or dust form for aj)])lication to formigueiros, and 
the full strength or Grade “A” Ihist should be cnijiloyed for this ]>ur])ose. Cyanide 
of calcium dissociates rajiidly in the i)rescnce of moisture*, whcTcas other cyanidis 
do so mdy slow'ly. Cyanogas takes uj) the water from the humid air of the tunnels 
and I anellas, while the cyanide content combines with this water to form IICX <.r 
hydre c\anic aeid gas. The ch.emical reaction is as follows; 

Ca (C i\ ) . +2H,0 = 2HC N + Ca ( O H ) , 

Which is to say that 1 molecule of calcium cyanide combines with 2 molecules of 
water to form 2 molecules of hydrocyanic acid gas and 1 molecule of slaked lime. 

I'or many decade s numerous ])ate nted formicide's have be“e n ]daced em the Brazilian 
market, each manufacturer claiming iied only su])eriority but infallibility for hi.s 
product . Ifach one of these has l)cen tried in turn by the fazendeinis without secur- 
ing dee isive rcstdts. In every' case* it has l)ccn found necessary to continue a])j)lica- 
tions year afte*r year, j.ractieally never sceuring e-xtine-tion of the formigueiros. 
Therefore the Brazilian fazendeiro has Inveimc- ski'ptical with re*gard to new forini- 
cidcs an<l i.s indifferent to the ekiiins made with re'garel to them, miturtdly believing 
all to be more or less alike* and none to be* ca]>able* of exterminating the* sauva. Ida' 
this ri'a.^on it has bee*n nevi ssnry to gi\ c de-monstratiohs with Cytmogas Calcium 
Cyanide free e»f charge on the l.'irgest and UK^st imjiortant ]ir(j])erties in order to 
proN'e the exterminating efheieney of the* prc»duet. anel its imme'nsc su]ariority over 
all othe r hainieidt s. ( )nee* this su])eriority becomes generally known, there is no 
dould of ('yanogas su])e*rseding ah other j^rejiaratimis as a formieide. 

Hydroey anie' aei«l gas is ne*arly the* same* weight as the warm humid air in the nests 
of the ^au\a. I'urt hermore, du<- to its high molee*ular activity, it readily' perrne’ates 
and nii>as with tlu' air in all directions, uj), d(;wn, or laterally, throughout all com- 
munie*ating s]»ae'es. That it is not he'avier than air is an advantage in its use, since 
a hea\ y' gns would settle to the bottom f)f the* ne’sls and dissijiate rapidly through the 
soil. 

Tla greater jiart of the hy'drex-yanie aeid gas is ff>rmed immeeliately the Cyanogas 
C'aleiurn (Jyaniele ilust is ))lown into the ne'sts, l)Ul the reaction continues for some 
24 to 48 hours until the ]>rf)ccss is eomiilete. The nest is thus continuously filled with 
the gas for sufficient time to kill out any ants that may happen to he outside the n( st 
at timg of treatment, for, on returning anel attem]ding to dig in, these ants will 
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breathe the gas and die. Hydrocyanic acid gas kills the larvae of the ants as well 
as the adults. It also kills the fungus on which the ants feed, cither directly or by 
removing the ants whose duty it is to care for it. The larvae resulting from any eggs 
that may hatch after the treatment of a nest die for lack of food and ants to care 
for tlu m. The extermination of the forniigueiro is tlius complete. All that is neces- 
sary is that the gas reach every part of the forniigueiro so tliat all the ants get one 
full breath of it. 

The amount of Cyanogas Calcium Cyanide reciiiired to fill a given forniigueiro 
with hydrocyanic acid gas varies according to the cubic capacity of the tunnels and 
pancllas. ft may be stated that, on the average, ten minutes work with the small 
f'cen}' duster will use kilo of Cyanogas. l.arge old nests of 100 or more openings 
may require -lU minutes and use 1 kilo of Cyanogas. The largest nests with very 
extensive communications will reipiire still more. New nests of small extent will 
require only J ^ to J 4 of a kilo. Neither water nor lire are to be used in the aiiplica- 
tion of CNanogas Calcium Cyanide yet the dust issues from communicating holes 
like a lilack smokt; just as if fire were being used. This property is an absolute 
necessity in the apiilication of any gas to sauva nests, in order that communicating 
hole's may be located, recognized and closed. 

No cleaning of formigueiros preparatory to treatment is necessary otlu'r than to 
cut away matto suiTici('ntly to introduce the tube of the blower into ihe holes. The 
less a nest is disturbed before treating, the better will be the re.sulls of the treatment, 
It is imj.)orlant to u\'erlook no holes at (he first treatment, in order to secure speedy 
extinction of the nest. The largest holes should be selected first for treatment, 
meantime closing all liolcs from which tb.e stnokclike dust issues. The blower should 
be worked in each lade, from which no snujke has issued, until a pronounced air- 
com])ression is felt. Soini' hoh's in very large nests may be treated as long as 20 
minutes befon getting this air-coni] iression, while only a few seconds of treatment 
will show it in other.-: Compression indicates that all communicating jiassages and 
lianellas arc well filled with tb.e gas, and the treatment should be then transferred 
to (ttlu'r holes. Mnt ih.i' caul ion must here l.>e given not to plug either the holes or 
llic tnlie of ihe Idower with earth wliile introducing the tube into the holes, 'freated 
nests should be ol)Served daily and all lioles found ojicn must be {ire-mptly treated 
and closed. Such a]-])li<'ation of Cyanogas, carefully carried out, v.ill completely 
exlirminale ilie nest, and the length of time required for extermination will depend 
on tlu; exjieim'iUH' and te('hni(]ue of the o].)erator and the thoroughness of a])])lication 
without missing any holes. 

The l)cst time of \ ear to secure speedy extermination of formigueiros is just Ix'fore 
the swarming time, wlueh ])eriod varies from vSeptember to December according to 
localities and conditions. At thi.s time excavations are not in jirogo'ss and llu' ants 
are all a.ssemltlcd m tlie u])])er parts of the nest attending the broods of (jueeiis and 
drone;, that arc.' being develoi^ed jirejiaratory to swarming. 

Cii.Mu.ES II. T. Townsend 
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IJv\K-rL’'r I'lXC Ax rs CrATlXMAl.A 

At the same time that work was going on in Brazil, Cyan- 
ogas Calcium Cyanide was being successfully used in Guate 
mala against the Zompopo. An account of this early work 
has already been reproduced herein on page 4-49, from the 
“Boletin de Agricultura, Industria y ComercioA 

I JA\ I-( L 11 ' [ X( ; AX I S I' k I X 1 1 )A I ) 

The following note on the Parasol Ant of Trinidad and 
Tobago is taken from an article by Mr. F. W. IJrich, F.K.S.. 
C.M.Z.S., Government Kntomologist, in the ‘‘Bulletin of the 
Department of Agriculture of d'rinidad and Tobago.” It 
indicates, in a general way, the peculiarities of these two in- 
sular species. 


“Parasol Ants” 

“Under this heading two species of leaf-cutting ants are 
dealt with .Ilta cephalotes or the “Bachack” and Atta orfos- 
pinosa or the “Parasol Ant” of Trinidad and the “Pot Ant” 
of Tobago. 

“Bachacks [A. cephalotes) are the most injurious species 
and are generally found on cacao estates and uncultivated land 
bordering them, they live in large communities in the ground 
and a so-called nest consists of a collection of small chambers 
connected by tunnels. If left undisturbed a nest will persist 
for many years and will gradually expand until it may cover 
(]uite a large area. Nests from sixty to twenty feet across are 
of common occurrence. All nests, however, begin with one 
chamber and one exit hole. lairge nests have from fifty t‘' 
sixty exits, but as a rule not all are used by the ants. 

“The ants are reddish brown and “soldiers” are always 
present. 'Phe queens are darker than the workers and meas 
lire about one inch in length; workers or foragers vary in 
size from one-eighth to three-fourths of an inch. Stiff clay 
soils are preferred by the ants. 

“Parasol or Pot Ants {A, octospiuosa) do not live in com- 
munities like the Bachacks and the nest generally consists oi 
one chamber in the ground. I'hese ants also make use of anv 
cavities in walls, under rotten logs of wood, tubs, and dower 
pots; provided moisture conditions are suitable they will take 
advantage of any dark and quiet corner in field or garden. 
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Aitd ccphaloics ( I rich- Frinidad ) 
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V\^. 2.^4. Work of . ///(/ oclospiiiosa iti Trinidad 


l^l^as()l ants arc not of much importance on estates, they are 
more injurious about ^oirdens. The queens are half an inch 
lon^ ami reddish brown in color; there are no “soldiers” and 
the workers vary from a little over a (]uarter to one-eighth ol 
an inch in length. 

“The two species dilier in feeding habits; Atia ccphalolcs 
seems to coniine itself mostly to leaves, but Alta oclnspinosn 
will take flowers of different kinds in addition to young leaves 
as well as the skin of ripe cocoa pods.” 

Mv. Urich has performed some experiments with Cyan- 
ngas Calcium Cyanide “A"’ Dust against Alia cephalotes, a 
summary of which is included in Table HI. The nests of this 
species arc of such a simple character that extermination was 
secured by merelv throwing the material down the entrances. 

Similar successful experiments against Atia spp. have 
been conducted in Suriname, Mexico, San Salvador, and the 
l^anama Canal Zone. The method of procedure and the re- 
sults are essentially the same as those in Brazil. At the present 
bnie an extensive series of experiments against Aita insulari:; 
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(Bibijagua) of Cuba arc being conducted by Dr. Stephen 
Bruner of the Kstacion Kxpcriniental Agronomica at Santiago, 
our \lr. Bromley cooperating. 

The objects of the experiments in Cuba is primarily ,i 
study of the exact distribution of dust in the nests by means 
of various types of dusters. Although these experiments are not 
yet completed the indications are that a foot pump is more 
effective than a rotary type of duster. A sketch of a treated 
nest, indicating distribution of the dust when applied by means 
of a foot pump, is shown in Fig. 24-4. 

rs ix 'rm<: \K(;|‘:x rixi«: 

Altho species of the genus .llln occur in the Argentine, 
there is another leaf-cutting ant commonly known as the black 
leaf-cutting ant, yl( roinyrnuw lundl, which is particularly 
interesting in that it constructs a nest which is different in type 
from the typical Alin nest. 

rhe dirt which is excavated in construction of the nest is 
scattered over a considerable area about the nest, making a low 
inconspicuous mound over which the grass never stops grow- 
ing. 'The entrances of the nest are relatively small and are 
usually obscured by overhanging grass. 'The runways within 
the mound run straight down for about 20 or 20 cm. Here the\ 
become larger in diameter and run completely around the 
single large food chamber. The food chamber consists of 
a spherical cone lined completely with a mass of twigs, which 
usually vary in thickness from 5 to 20 cm. Usually an air 
space is found between the twig mass and the top of the 
earthen cave. Within this twig lining, a single large spongv 
mass of fungus gardens is located in which the eggs arc laid, 
the young reared, and the food cultivated. 

Runways of unknown purpose lead down below the nest 
and are usually filled with dead ants and debris. 'Fhere seem 
to be other cavities or wide places in the runways in which are 
deposited the freshly cut leaves. These latter often play an 
important part in plugging up a run, since the draft created 
in the treatment will drive them out into the runway and when 
in (juantity will stop the flow of dust and form a plug. 

In 1924 our Mr. lA'ank K. Todd carried out a number of 
experiments in the Argentine against the black leaf-cuttins?^^ 
ant. Tests were made with both flakes and Cyanogas ''A 
Dust. After a nest had been treated it was dug out in order 
determine the exact behavior of the formicide. 



24-4. — Distribution of Cyanog^as “A‘* Dust, by Means of a Foot-Pump, in 
Bibijagxie Nest (Stippling indicates presence of dust.) 
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'riicsc subsequent excavations showed that tlic dusi 
pumped into the central entrances was (]uite likely to plug up 
before reaching the larger runways. As the larger runwavs 
which circled the food chamber were hut a spades depth from 
the outside holes it was better to dig down and treat such holes 
on opposite sides of the nest so that all parts could be reached 
in case one side should he plugged by debris in the corridoi v. 

The nests of this species were too extensive to be con- 
trolled by pouring flakes down the entrance hence their me 
was abandoned in favor of Cyanogas Calcium Cyanide 
Dust, applied with a duster. ICxperiments of the same ch;ir 
acter, carried on by our Mr. (ieorge (j. Wittwer in 1925, ha\c 
confirmed the earlier conclusions that it is possible to destr.)v 
permanently nests of A( roniyrincx hiudi. 

(■\\\X()(i.\S Dl'S'!' ol^' XlXS'rS TIN', ij'.a;' 

( r'n'IXC AXT (./7'7./ SliXDHXS AXI) 
kia.A4'i:i) SIMA I IAS) 

1. Cut away all growth around the nest to make llie 
openings x isible and accessible. Care should be taken not to 
disturb any of the holes or to block them with dirt. 

2. Insert the delivery tube of the duster tightly into the 
main openings of the nest and pump the Cyanogas dust inio 
the nest. After the dust has issued from other openings of tlic 
nest for a short time they should be plugged with dirt. Con 
tinue pumping until dust no longer issues from any opening 
of the nest and a pronounced air compression is felt. Remo\e 
the delivery tube, close the hole, and insert the delivery tube 
into any other opening from which dust has not issued. Con 
tinue the treatment as outlined until the dust has been dri\en 
into or has issued from every opening of the nest. 

2. Observe the nest daily and if any new holes appc:n 
treat them. 

These details, carefully followed, will secure the complete 
destruction of the nest. The most favorable time for treat 
merit is during the month before swarming, when the ants ha\ < 
ceased their excavations and are congregated in the upp' ' 
levels of the nest with all the tunnels clear of obstructions 

Several treatments may be necessary to destroy complete!', 
a nest at other times of the year. The failure to destroy the 
entire colony at these times is usually due to blind burrow: 
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or blocked tunnels, which cause an air compression in the 
lower levels and prevents the dust from reaching all parts of 
the nest. If the treatment is made just before swarming, 
failure is solely due to overlooking some of the holes, which 
thus escape treatment. 


.\l)\'.\\T.\(;i-:S ()!' ( NAXOCAS MIAI'IKH) 

1. No special preparatory digging to prepare the nest 
for treatment is necessary, except in the case of the black leaf- 
cutting ant, thus saving much time and labor. 

2. The hydrocyanic acid 
gas is superior in killing 
effect to all other gases. 

.V Cyanogas “A” Dust 
dissociates much more rap- 
idly in the presence of 
moisture than any other dry 
cyanide preparation, giving 
off its hydrocyanic acid 
practically at once. 

4. 'Fhe ants reached by 
the gas die immediately and 
are thus unable to block 
their burrows to prevent the 
passage of the gas. 

5. Communicating holes 
are revealed by the issuance 
cf a smoke-like dust mak- 
ing it unnecessary to seek 
out and treat each opening. 

6. Stoppage of holes is 
revealed by an increased air 
pressure, while the absence 
of obstructions and the 
presence of escape holes is 

determined by the lack of air pressure in working the bellows. 

7. The cost of extinction of the nests in time, labor, and 
•^laterials is lower than with any other material. 



25-4. — A])})lving (Aaiiogas to 
‘I I’ihijagua Nest hy Means of a 
■'^niall Hand Duster. 
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HARVESTER ANTS 

The harvester ants are found in the sub-tropical regions; 
apparently being most numerous in the arid districts. They 
obtained their name from the fact that they dig up and carry 
away seeds which they store in their nests. They will even 
invade granaries and barns in search of seed. Some species 
make very large mounds in and under which the nest is founci 
(F'ig. 26-4). Others have their nests underground with only 
a little loose dirt around the entrance at the surface. 

Experiments have been conducted for the control of 
harvester ants in Arizona, Oklahoma, Kansas, Texas, Floridii, 
and in the northwest. Pogonotnyrmex occidentalis is the 
species generally known as the mound building harvester anr. 
The most comprehensive experiments for the control of this 
species were carried out by our Mr. I. L. Kessler in Kansas. 
Moles were made in the mound to a depth of three or four feet, 
the number made depending upon the size of the mound. A 
soil auger was found to make a clean hole without plugging 
the passages of the nest with soil. Each hole was then treated 
with a half ounce of Cyanogas Calcium Cyanide G-Fumigant. 
It was found wise to check up about fifteen days later in order 
to be sure that the colony had been exterminated. 

In Arizona, it was found that where the soil was very 
hard, the best results could be obtained by using a slow burn- 
ing blasting powder in conjunction with the Cyanogas. Holes 
were made in the mound with a soil auger and the blasting 
powder placed in the bottom and covered with soil. The fuse 
was lighted after the Cyanogas had been placed in other holes 
and covered. The explosion loosened the soil slightly and 
allowed the gas to penetrate to all parts of the nest. Of five 
large nests so treated by our Mr. Bromley, but one ever showed 
any signs of reinfestation. 

Working with a species of harvester ant which did not 
build a mound, our Mr. R. G. Eidson found that good results 
might be obtained by placing the Cyanogas directly in the 
entrance of the nest. His experiments were carried out in 
Florida. 

The stinging ant, Solenopsis (jeminata, is also classed as a 
harvester ant, due to the fact that it sometimes collects seeds. 
It has quite a wide range of activity and destruction. It ’s 
known as the Stinging Ant in Trinidad, the “Hormiguilla 
in Porto Rico, the Red Ant in Mauritius and the Phillipine^, 
and the ‘‘Little Brown Ant” in Texas. They are very annoying 
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or blocked tunnels, which cause an air compression in the 
lower levels and prevents the dust from reaching all parts of 
the nest. If the treatment is made just before swarming, 
failure is solely due to overlooking some of the holes, which 
thus escape treatment. 


.\in;AXTA(;i-:s oi- cA AXociAs mi-tikh) 

1. No special preparatory digging to prepare the nest 
for treatment is necessary, except in the case of the black leaf- 
cutting ant, thus saving much time and labor. 

2. 'Fhe hydrocyanic acid 
gas is superior in killing 
effect to all other gases. 

0 . Cyanogas ''A” Dust 
dissociates much more rap- 
idly in the presence of 
moisture than any other drv 
cyanide preparation, giving 
off its hydrocyanic acid 
practically at once. 

4. The ants reached by 
the gas die immediately and 
arc thus unable to block 
their burrows to prevent the 
passage of the gas. 

5. Communicating holes 
are revealed by the issuance 
( f a smoke-like dust mak- 
ing it unnecessary to seek 
out and treat each opening. 

6. Stoppage of holes is 
revealed by an increased air 
pressure, while the absence 
of obstructions and the 
presence of escape holes is 

determined by the lack of air pressure in working the bellows. 

7. The cost of extinction of the nests in time, labor, and 
'^^aterials is lower than with any other material. 



25-4.— Applying Cyanogas to 
a ihbijagiia Nest by Means of a 
•'^inall JTancl Duster. 
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HARVESTER ANTS 

The harvester ants are found in the sub-tropical regions; 
apparently being most numerous in the arid districts. They 
obtained their name from the fact that they dig up and carry 
away seeds which they store in their nests. They will even 
invade granaries and barns in search of seed. Some species 
make very large mounds in and under which the nest is found 
(Fig. 26-4). Others have their nests underground with only 
a little loose dirt around the entrance at the surface. 

Experiments have been conducted for the control of 
harvester ants in Arizona, Oklahoma, Kansas, I'exas, Floridii, 
and in the northwest. Pogonomyrniex occidentalis is the 
species generally known as the mound building harvester ant. 
The most comprehensive experiments for the control of this 
species were carried out by our Mr. 1. L. Kessler in Kansas. 
Holes were made in the mound to a depth of three or four feet, 
the number made depending upon the size of the mound. A 
soil auger was found to make a clean hole without plugging 
the passages of the nest with soil. Each hole was then treated 
with a half ounce of Cyanogas Calcium Cyanide G-Fumigant. 
It was found wise to check up about fifteen days later in order 
to be sure that the colony had been exterminated. 

In Arizona, it was found that where the soil was very 
hard, the best results could be obtained by using a slow burn- 
ing blasting powder in conjunction with the Cyanogas. Holes 
were made in the mound with a soil auger and the blasting 
powder placed in the bottom and covered with soil. The fuse 
was lighted after the Cyanogas had been placed in other holes 
and covered. 'Fhe explosion loosened the soil slightly and 
allowed the gas to penetrate to all parts of the nest. Of five 
large nests so treated by our Mr. Bromley, but one ever showed 
any signs of reinfestation. 

Working with a species of harvester ant which did not 
build a mound, our Mr. R. G. Eidson found that good results 
might be obtained by placing the Cyanogas directly in the 
entrance of the nest. His experiments were carried out in 
Florida. 

The stinging ant, Solenopsis geminata, is also classed as a 
harvester ant, due to the fact that it sometimes collects seeds. 
It has quite a wide range of activity and destruction. It is 
known as the Stinging Ant in Trinidad, the “Hormiguilla’ 
in Porto Rico, the Red Ant in Mauritius and the Phillipines 
and the “Little Brown Ant” in Texas. They are very annoying 
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26-4. — Nest of the Western Harvester Ant. 
(6 feet in diameter.) 


garden pests since they encourage and foster other destructive 
insects, such as scale insects, mealy bugs, leaf hoppers, and 
plant lice, and feed extensively on plant roots. The nests, 
which are built in the ground, have galleries running out to 
the roots of plants where the ants feed on the soft tissues or 
place their protege insects to feed. The presence of a nest is 
readily detected by a mound of earth piled up at the base 
nf the plant. 

In the lower Rio Grande valley of Texas, this ant is one 
of the most destructive pests of the citrus groves. In the 
autumn and winter after the crops raised between the young 
t^itrus trees have been removed these ants attack the trees eating 
the tender bark and leaves. A method for the control of this 
species was worked out by our Mr. Stirrett. Fifty acres of one- 
year-old grapefruit trees were treated. The nests were located, 
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uprooted with a hoc, and a small amount of Cyano^as 
Dust blown over them. 'Fhe trunk and larger limbs of the tree 
were also sprinkled with the dust, using about two ounces 
per nest. 

iVofessor Urich in Trinidad worked out a method oi 
control similar to that in Texas. His directions are summar 
ized as follows: 

b When ants arc numerous dust both the plants and ants 
lightly with Cyanogas “A” Dust. The foliage of the 
plants should be dry. 

2 When ants are at the roots break up the earth around 
the plant and dust. 

X — ^Trace nests in the ground, destroy all parts, and dust. 

OTHER MOUND BUILDING ANTS 

A large red ant (unidentified) is often destructive in 
the orchards of the northwestern part of the laiited States. 
I hc method of treatment is very simple. A stick is poked into 
the mound, the Cyanogas applied, and the holes left open. 
This method is most effective. 

For many years the destruction of forest trees and nursery 
plantation stock, particularly e\XM*greens, by the mound build 
ing ant, Formica exsecioides, went more or less unnoticed and 
hence uncontrolled until the increased value of the crop made 
it necessary to use some method of control. The satisfactory 
results obtained with Cyanogas Calcium Cyanide are included 
in the following report by Prof. ). A. Manter of the Stoi'iS 
Experimental Station, Storrs, Connecticut, which is repro 
duced from the Journal of Economic F.ntomology, \b)l. 

No. 2, April, 1925, p. 548. 

A PRELIMINARY REPORT ON THE USE OF CALCIUM CYANIDE 
FOR THE MOUND BUILDING ANT, FORMICA 
FSSFCrOJDFS 
By J. A. Manter, Storrs, Conn. 

The mounds or '‘ant hills” built by Formica exsectouics arc (]uitc 
well known to observers in the Northeastern United Stales. They are 
found in pasture and open spaces in woodland. Trees or hiji^di bushes 
are never found in close proximity to these mounds because the ants kill 
off any growth that might shade their nest. This injury to forest trees 
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was not recorded as of importance until 1912. Se\^eral investigators 
since that time have studied the problem and Peirson in 1922 pub- 
lished^ the results of his studies in which he showed how the ants were 
able to kill trees. The usual material recommended for the control of 
these ants is carbon disulphide. During the past summer I have used 
several insecticides, including calcium cyanide, to bring about the ex- 
termination of certain colonies of these ants working in forest planta- 
tions at the Connecticut Agricultural College. I believe that calcium 
cyanide will prove to be a practicable remedy. 

Injuries to Trees 

The killing of trees by these ants is most noticeable and injurious in 
forest plantations and natural reproduction of evergreens. It is com- 
mon to find cleared areas around these mounds from 24 to 36 feet in 
diameter in which there is no plant growth higher than about two feet. 
Outside of these nearly circular areas the stand of trees and bushes may 
be nomial. The contrast between the growth inside and outside of these 
circles is vei*}^ marked. 

liiarly investigators believed that the ants were responsible for the 
death of the trees but could not cx])lain how it was done. Fungi were 
common! V found but were not proven to be the causative organisms. 
Peirson discovered ants in the act of “squirting” formic acid into wounds 
that thc>' liad made in the bark. He shows that the acid coagulates’ 
the cell ju'otojdasm and thus causes a cessation of the downward How 
of the sap causing the ultimate starvation and death of the tree. Both 
conifers and deciduous trees may be killed but the former are more 
susce]‘)tible to injury I ha\'e observed their work in plantations of red 
and white pines, reti and scotch pines, and of white spruce. At first 
the ants chc^v off some of the bark from the lower part of the tnink com- 
pletely encircling it and extending a foot or more above the ground. 
This allows the formic acid to reach the living cells of the bark. Trees 
above eight feet are not often killed, probably because their thicker bark 
prevents the formic acid from reaching the living cells. Dead white 
pines show a deep constriction encircling the tmnk a little above the 
ground with a marked swelling ju.st above. This enlargement is chused 
by the continiual growth made i)ossible by the piling up of the sap at this 
point. On white si)nice the constrictions and swellings are not so prom- 
ineni The ])oisoned bark becomes loosened after a few years and 
breaks m\> a>’ from the wood. The first evidence of injury to a healthy 
b‘ee is a gradual yellowing of the needles on the new growth. 

’B B. IVirson, Journal of Forestry, Vol. XX, No. 4, April 1922. 



4-80 


350 JOURNAL OF ECONOMIC ENTOMOLOGY (Vol. IS 

Ants have been considered of benefit in woodland since they destroy 
large numbers of other insects for food but the damage done by c.r- 
sectoides places it among the harmhil forest i)ests. It is not uncommon 
for a colony of these ants to kill from 30 to 40 young evergreens about 
their nest. In a 0' x 6' triangular planting of one acre, a cleared circle of 
36 feet about a mound will include 37 trees, which accounts for nearly 3 
per cent of the total stand. Ant hills may average several to the acre. 
One observer records the killing of 75 per cent of a small plantation of 
white pine. 

Control 

Carbon disulphide, if used liberally, will kill the ants of a colon\'. 
The method of treatment is to make holes in the mound 8 to 10 inches 
deep and about the same distance apart and pour into each 1 or 2 
ounces of carbon disul])hido. An average sized colony reciuircs one 
pound or more, and for cfTccti\'e work the mound must be covered u itli 
a tub, wet burlap bags, or some other material. This method is costl}', 
requires considerable labor, and a relatively high atmospheric tempera- 
ture. 

Calcium cyanide in the granular fonn has been used in these trials with 
very promising results. The method has been to make holes in the 
mounds as before, putting a .small amount of the cyanide into each and 
filling with dirt. 3'wo ounces for an average sized mound seems to 1;)C 
.sufficient. No cover for the mound is nece.ssary. Cyanide spread on 
top of the mound was not effective. 

It is surprising to .see how quickly the ants arc killed when they come 
near this material. After seeing its deadly effect on insect life one is 
prompted to handle it carefidly. I think the carbide odor given off by 
this crude cyanide serves as a warning that should help to prevent 
accidents. When treated mounds were dug into, some of the galleries 
were found crowded with the dead bodies of the ants. Usually a few 
living stragglers could be found. It is perhaps, too much to expect that 
all of the thousands of ants of a colony would be killed at once becau.se 
some of them might have been away at the time of fumigation. The 
real test of the ehectivene.ss of any method of control is the killing of the 
brood and queen as without these the rest of the colonv dies. The 
cyanide method is not expensive. It can be applied quickly, as no 
special covering of the mound is necessary, and a high temperature is 
not needed for the prcxiuction of the gas. 
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Im<;, J7-4. -W idening' Entrances ol Harvester Ant 
Xest witli a Soil Aui^er. 


ANTS ON LAWNS AND GOLF GREENS 

Some of the earliest work in the control of the more 
eommon species of ants found on lawns was carried out^ in 
Indiana by our Mr. Curtis Benton. He used Cyanogas Cai- 
eium Cyanide “A” Dust and also the coarse Granular material 
in his experiments against various unidentified species of lawn 
‘tnts. Some of the results of his work are included in T able IV . 

In treating ant nests on golf greens the problem is more 
difficult since the green is usually covered with a very tender 
grass, To be successful the treatment must destroy the ants 
without any injury to this grass. It was felt, in view of the 
various preliminary experiments which had been performed, 
that a very fine granular material which would flow like SiUid 
into the ant nests would give the best results. Cyanogas Cal- 
cium Cyanide G-Fumigant seemed to fit this reejuirement. 
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rAHLK IV. 


CyANO(JAS 





Ant 

Calcium 

Rate ok 

Cr Kill 

Remarks 



('yaxidk 

Application 




Large black 

Granular 

*4 ounce 

100 

Damage to grass because wet 


Small red 

(iranular 

ounce 

90 

Slight damage to grass 


Small red 

A Dust 

l -L ounces 

75 

Seven boles treatal 


Small red 

Granular 

6^4 ounces 

98 

50 holes treated — no grass 

burn 

Small red 

(jranular 

ZY 2 ounces 

98 

10 boles treated — no grass 

burn 

Large red 

Granular 

34 ounce 

1(K) 

No injury to grass 


Small red 

Granular 

34 ounce 

1(X) 

No injury to grass 


Small red 

A Dust 

1 ounce 

50 

4 boles treated — no grass 

injury 

Small red 

A Dust 

1 34 ounces 

00 

5 boles treated — no grass 

injury 


Our Mr. Stanley W. Bromley carried out a series of cx 
periments at the Merion Cricket Club Golf Course, Ardmore, 
Pennsylvania. Preliminary survey showed that several species 
of small ground-nesting ants were abundant. The green was 
watered and rolled the evening before the tests were begun 
July 31, 1924. Cyanogas G-P"umigant was used in these ex- 
periments. Table V" shows the dosage, description of nest 
treated, and the results. 

The little injury that occurred was located at the edge oi 
the mounds and it was difficult to decide whether this was due 
to the efifect of the Cyanogas or previous activity of the ants. 



Fig. 28-4. — Lawn Ants Killed with Cyanogas. 
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X(t. TvI’K ok |-’NTk.\.\( k 

1 I'air si/t' nest 

2 Smaller nest — nn f»ras> 
within 1" 

^ Medium nest -no j^rass 
nearer than 1^" 

4 Xo .‘•rass within 1" 

5 Xo Lirass within ]%" 

n X.. «r a.ss witliin 1” 

7 (irass within 1" 

S (irass witliin 1" 

') (irass within 1^" 

10 (irass within 2" 

11 (irass at entrance 

12 (irass at entrance 

12 (irass at entrance 
14 (irass within 2" 

13 (irass within 1" 
hi (irass within 

17 (irass within 2" 


'J'Altl.K \\ 

Aim’I.icatiox ami 1 )osk; 

1 pinch in opening-elosed 
( )peirnf> widened 1" depth 
— entrance closed 

2 pinches mounded over 
top 

2 pinches washed in with 
water 

A pinches — soil packed in 
open ill}* 

1 pinch 

1 pinch washed down 
witli water 

2 pinches— soil jiacked in 
entrance 

2 pinches — nest closed 
2 pinches- soil packed in 
entrance 

1 pinch nest closed 

2 pinches— nest closed 

1 pinch- nest closed 

2 pinches — Soil packed 
in openinj^ 

2 pinches— nest closed 
2 pinches — nest cl<ise<l 
1 pinch — nest closed 


( )hskrvation ok h'KKKCrS 
Ar(„ 2.5. 10 


(ri-ass 

In sen 

Xo in jury 

Killed 

Xo injury 

Killed 

Some injury 

Killed 

Some injury 

Killnl 

SlijLjlit injury 

Killed 

Xo injury 

Killed 

.Some injury 

Killed 

Sli^ihl injury 

Killed 

ShXilit injury 

Killed 

Some burnin.c: 

Killed 

Some l)urnin|4' 

Killed 

Some hurniuM 

KilU^l 

Some burning 

Killed 

Slight injury 

Killt'd 

Some injury 

Killed 

Some injury 

Killed 

Some injury 

KilkM 


From these experiments the following procedure was 

recommended : 

1 — It is best to work with the soil damp. 

2 hor the larger nests, where the grass is 1^2 or 2 inches from 
die entrance, a pinch of Cyanogas G-Fumigant deposited 
in the entrance will be very effective in destroying the 
colony and very little injury to the grass will result. 

2>--In case of the larger nests, it is not necessary to widen the 
entrances. 

“F-for the smaller nests, a small stick or pencil should be 
used to make a hole into the nest after which a pinch or 
two of Cyanogas is poured in by means of a small funnel. 
The opening is then pinched shut. 

Go over the treated area, ten days or so later, to treat 
entrances overlooked or nests not entirely exterminated. 
Care must be taken not to allow the Cyanogas G-Fumigant 
to fall on the grass. 

7--I)o not use water to wash the Cyanogas into the nest as it 
uiay cause injury to the grass. 
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The Cyanogas Calcium Cyanide Treatment for 
THE Cuban Leaf-Cutting Ant 
By 

S. C. Bruner, Cuban Agricultural Experiment Station, 

Santiago de Las Vegas, Cuba; and S. W. Bromley, 

New York City. 

INTRODUCTION 

The Cuban Leaf-Cutting Ant or Bibijagua, Alia insniarls 
Guerin, is unquestionably one of the most generally destruc- 
tive insect pests occurring on the Island. Kfifective and eco- 
nomical means of control have been sought for many years, 
without entirely satisfactory results. 

STRUCTURE OF THE NESTS 

The habits of this ant are similar to those of other species 
of this genus. It constructs large underground nests, furnish- 
ing the chambers with leaves of various plants which form 
the substratum for the fungus on which the ants subsist. It 
is this leaf-cutting habit, of course, which is responsible for its 
destructiveness as it uses, to a large extent, leaves of valuable 
plants such as orange trees for this purpose. 

The nests usually consist of a very large series of cham- 
bers excavated at various depths below the surface of the soil. 
In some cases, particularly in the younger nests, the upper 
chambers may be situated only one or two feet from the 
surface; but in the typical soil of western Cuba the majority 
are usually at a level of from 3 to 6 feet, although some may 
extend to greater depths. These chambers normally have 
vaulted roofs and flattened bottoms and are level or occasion- 
ally somewhat inclined. They measure from 3 to 8 inches in 
height by 4 inches or more in length; and are usually elon- 
gated in outline, although the smaller ones are often rounded. 
Each chamber is provided with from two to four entrances, 
at least one of which is in the bottom near one side and the 
other in the top; additional openings may be in the sides. 
Some of the small chambers appear to have only one entrance. 
The chambers are connected with one another and with the 
outlets directly above by an intricate system of more or less 
tubular galleries. 

As has been pointed out by Dr. Wheeler (Bui. Am. Mus. 
-Nat. Hist., XXLIl, Article XXXI, Sept., 1907, p.p. 669-807.) 
lor the species At la texana Buckley, it is probable that the 
uiajority of the craters situated directly above the nest are 
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constructed for aeration and not for entrance and exit. How- 
ever, in the case of AHa tnsularis some are used for this pur- 
pose as the ants have not infrecjuently been observed carrying 
in plant material throuj^h these openings. Other galleries 
are constructed by the ants for their foraging expeditions. 
These extend outward in horizontal directions from the 
center of the nest for considerable distances at a depth of 
several feet. 

Only one mother (|ueen or fertile female is found in each 
nest of the Bibijagua. This also seems to be true of other 
species of Ana. It is not always a simple matter to locate the 
queen by excavating the nests. In one treated nest, carefully 
dug out, one was found dead in the center of a fungus garden 
.‘i/j feet below the surface. The object of the treatment should 
therefore be primarily directed towards killing the queen if a 
colony is to be entirely destroyed. 

PRELIMINARY WORK WITH CALCIUM CYANIDE 

Tests for the control of the Bibijagua with Cyanogas 
Calcium Cyanide were begun in 1922. This material was 
then available only in the form of flakes of irregular size sold 
under the name of “Gas Flakes” which were, except in form, 
essentially the same as the Cyanogas Calcium Cyanide pro- 
duced today, liberatinghydrocyanic acid gas, the killing agent, 
on contact with atmospheric moisture. A number of nests or 
“bibijagueros” of different sizes were treated, the material 
being introduced into the more important openings directly 
above the brood chambers. The whole area treated was then 
covered as quickly as possible with one or more pie,ces of 
tarpaulin, which were held down around the edges to prevent 
the escape of the gas by covering with loose earth. A number 
of nests of small or medium size were killed by this method, 
but satisfactory results could not always be obtained. 
Failure usually resulted in the case of larger nests, the reason 
being that the diffusion of the gas was evidently not sufficient 
to penetrate to the lower levels and kill the insects in these 
chambers. 

Some time later Cyanogas Calcium Cyanide in granular 
and dust form was introduced. As the granular material 
was composed of smaller particles than the flakes it could be 
more easily introduced into the galleries, “flowing” downward 
for a considerable distance. It was found that by treating 
and covering all of the more important openings within the 
central area of a “bibijaguero” it was possible to kill those or 
small and moderate size, sometimes with a single treatment. 



FUNGUS 



— Section of Part of a “])i1)ija.^uero’\ The Small Li^ht Spots 
in the Chambers Indicate hhurances of ( )ther 'runnels. 
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Not infrequently, however, a second or even a third treatment 
was required. One half to one ounce of the material was 
generally applied in each opening. 

USE OF HAND AND KNAPSACK TYPE OF DUSTERS 

It was realized that a better distribution of dust through- 
out the nest could be obtained if a blower or dust gun were 
used. Accordingly, tests were made at the Cuban K.xperl- 
ment Station with such small hand dusters as were then 
available. These did not prove satisfactory. In 1924 Mr. 
W. J. Murphy of the American Cyanamid Co., visited 
the Station and introduced several types of hand dusters and 
the American Beauty Knapsack duster for this purpose. 
These were tested but found to be only partly effective for 
the smallest nests and although the larger bellows duster gave 
rather good results with one or two applications it was not 
designed for the work intended and, on the whole, was not 
satisfactory. 

TESTS DURING 1925-26 

In November, 1925, tests were begun, using the foot- 
pump type of duster which was developed for rat control by 
means of calcium cyanide in the United States. 

Various other methods were also tested. Simply placing 
the dust in openings without the use of a blower was found 
unsatisfactory as the larger nests could not be killed by this 
method nor was it entirely satisfactory for small bibijagucros. 
The granular material gave much better results when so 
applied. Treatment of nests with an aqueous solution was 
soon abandoned as, due to the e.xceedingly porous nature of 
the soil a very large amount of water was required to reach 
all parts of the nest, which greatly increased the cost and time 
required for the treatment. One large colony was treated 
with 5 pounds of “A” dust in .50 gallons of water, one gallon 
being poured into each of the 30 principal openings, whidi 
were then closed with earth. This treatment was not suffi- 
cient to kill the colony which resumed activity after two 
weeks. 

RESULTS OBTAINED WITH FOOT-PUMP TYPE 
OF DUSTER 

The use of the specially designed foot-pump for applying 
the Cyanogas Calcium Cyanide dust was found to give the 
best results of any method tested. This machine holds V/j 
pounds of dust and is operated on the principle of a bicycle 
pump, the machine resting on the ground and the dust blown 
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Not infrequently, however, a second or even a third treatment 
was rccjuired. One half to one ounce of the material was 
generally applied in each opening. 

USE OF HAND AND KNAPSACK TYPE OF DUSTERS 

It was realized that a better distribution of dust through- 
out the nest could be obtained if a blower or dust gun were 
used. yVccordingly, tests were made at the Cuban K.xperi- 
ment Station with such small hand dusters as were then 
available. These did not prove satisfactory. In 1924 Mr. 
W. J. Murphy of the American Cyanamid Co., visited 
the Station and introduced several types of hand dusters and 
the American Beauty Knapsack duster for this purpose. 
These were tested but found to be only partly effective for 
the smallest nests and although the larger bellows duster gave 
rather good results with one or two applications it was not 
designed for the work intended and, on the whole, was not 
satisfactory. 

TESTS DURING 1925-26 

In November, 192.?, tests were begun, using the foot- 
pump type of duster which was developed for rat control by 
means of calcium cyanide in the United States. 

Various other methods were also tested. Simply placing 
the dust in openings without the use of a blower waS found 
unsatisfactory as the larger nests could not be killed by this 
method nor was it entirely satisfactory for small bibijagueros. 
The granular material gave much better results when so 
applied. Treatment of nests with an aqueous solution was 
soon abandoned as, due to the e.vceedingly porous nature of 
the soil a very large amount of water was required to reach 
all parts of the nest, which greatly increased the cost and time 
required for the treatment. One large colony was treated 
with 5 pounds of ‘‘A” dust in ,20 gallons of water, one gallon 
being poured into each of the .20 principal openings, which 
were then closed with earth. This treatment was not suffi- 
cient to kill the colony which resumed activity after two 
weeks. 

RESULTS OBTAINED WITH FOOT-PUMP TYPE 
OF DUSTER 

The use of the specially designed foot-pump for applying 
the Cyanogas Calcium Cyanide dust was found to give the 
best results of any method tested. This machine holds 2/4 
pounds of dust and is operated on the principle of a bicycle 
pump, the machine resting on the ground and the dust blown 



Fig. 30-4. — Treating a Ribijagiia Xest With Cvanogas Calcium C\anide '“A” Dust 
bv Means of a Foot Pump. Note That the Mounds Above the X'est 
Have All Been Cleared Away. 
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into the burrows through a flexible metal tube. This wai 
much more satisfactory than either the small hand dusters or 
the bellows type dusters previously tested, due to the greater 
ease of application and the greater pressure obtained, d'he 
only disadvantage experienced with this type of pump was 
the fact that dust was not delivered uniformly. When the 
pump was full, a heavy cloud of dust was forced out with 
each stroke, but as the operation progressed the volume of 
dust delivered gradually diminished even though the pump 
was half-filled. To remedy this, it was found necessary to 
simply invert the duster at intervals during the treatment to 
prevent packing. As the duster seemed to work best when 
full, it was considered advisable to keep the chamber filled 
with dust rather than wait until empty before refilling. 

TYPES OF CALCIUM CYANIDE TESTED 

Several types of Cyanogas Calcium Cyanide were 
tested. The first was the granular form previously men- 
tioned which, although evolving the gas over a longer period 
of time, could not be applied with the duster. The other 
types were in the form of dust, one being the so-called “A” 
dust, and the other bearing the trade name of “Citrus Dust,” 
which contains 25% of dusting sulphur. Most of the experi- 
ments, however, were conducted with the “A” dust. 

MOST SATISFACTORY METHOD OF APPLICATION 

As a result of the numerous tests made, the followin},' 
method of treating the bibijagueros was found to be most 
satisfactory. Two or three days prior to the treatment tlie 
mounds and surrounding grass or bushes were cleared away. 
This not only facilitated the work of locating and treating all 
openings, but insured the treatment of the more important 
ones which arc naturally the first to be reopened by the ants. 
The actual treatment consisted of blowing the dust into all of 
the more important openings in order to thoroughly saturate 
the chambers and kill the queen, whose exact location was of 
course unknown. Experience has shown that the best proce- 
dure is to select a large opening which is then treated for 
about five to ten minutes, providing no back pressure de- 
velops. The smoke-like dust will issue at once from the 
nearest more directly connected openings, which should then 
be closed with earth. Other openings are treated successively 
in a similar manner until all are closed. There no doubt 
occurs a considerable absorption of the gas by the moist walls 
of the tunnels and for this reason the dust rather than the 
gas should penetrate all parts of the nest. While the treat- 
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mcnt of the central area is of primary importance it is well 
to treat a number of the lateral openings in order to insure 
the thorough saturation of all confines of the colony. By so 
doing, dust may be forced into some of the lower chambers 
which might not have been reached by the treatment of the 
central nest area, due to the fact that the dust when applied 
to these lateral openings does not have to pass through many 
fungus chambers, which might act as a filter. 

TIME OF TREATMENT AND DOSAGE REQUIRED 

The time required for treatment varies greatly according 
to the size of the nest. Ordinarily from one half to five 
pounds of the dust are necessary for one treatment. It was 
found that about fifteen minutes were re(]uired to apply one 
pound of the dust by means of the large foot-pump previously 
mentioned. Although it was often possible to completely 
kill nests of small or moderate size with one treatment, large 
nests generally required a second and sometimes even a third. 
If the queen is not killed but the majority of the workers are, 
it may be a week or more before there are signs of activity. 
For this reason it is necessary to inspect the nest one or two 
weeks later and thoroughly treat all openings. This should 
kill all survivors. In other cases the queen may be killed 
but a considerable number of the workers survive. We have 
treated nests and a day or two later noticed activity at a few 
openings. These became more feebly worked as the days 
went by until finally all activity ceased. In such instances 
the queen was no doubt killed and the remaining workers 
continued to attend the fungus gardens least aflfected by the 
treatment until they died out. 

CONCLUSIONS 

In conclusion, it might be said that the results obtained 
on this species were substantially the same as those obtained 
in Brazil on Atta sexdens by Dr. C. H. T. Townsend (Cya- 
nogas Calcium Cyanide for the control of Atta sexdens L. in 
Brazil, Journal of Economic Entomology, Vol. 18, No. 6, 
p. 840) except that the larger foot-pump types of dusters 
were found to be better adapted to the treatment of the nests 
than the small type of duster used in Brazil. In other words, 
niethod and thoroughness of treatment can be considered the 
i^iost important factors in the destruction of the colony. The 
point to be kept in mind is the extermination of the queen and 
^ niajority of the workers to insure the destruction of the nest. 

Lsuccl Sept. 30, 1926. 
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Ovcrgcdriikl nit lict .Irchicf voor dc SHikcriudusfric in Xid.-ludic 
1926, No, 26. 


RATTENBESTRIJDING MET GALCIUMCYANIDE 

door 

Dr. V. J. KONINGSBERGER. 

Degeen die, na wat cr in (l(‘n laatsten tijd in hot ^Archiof’ 
orntrent de mooning van onkol(‘ (h'skundigon ovoi’ l■nttouh(‘sll■ijding 
word ovorgonomon, liotzolfdo ondorworp weor aaii do ordo stolt, 
wordt gcdrongon tot ooii niioon/otling waar, wamiooi- on lioo liij 
dezoii liardnokkigtMi onltniirvijand wil l)osti‘ijdon. 

Do g(mooskiindigo ni(‘(l(‘\vork(M- van d(‘ „Nioinvo lioltc'i'dainscho 
Coiiraiit” (AroliioC llkili, | p. ;il)i e.v.) goott als zijii, op tal van 
aiitoritairc'. nitsprakon van and(M‘(‘n gc'hasoordo. mooning t(' kaninon, 
dal direoto hostrijding van ratton in stcMloii nooit aldocnuh* zal kiin- 
non zijn om do plaag ziohtlaiar to doon atnomon. Iloogsh'iis zal 
(li'zo hostrijding 0 (mi Indpmiddol knnnon zijn. naast d(‘ ('onign al- 
doondo h(‘strijding : d(‘ stad zoo in to riohton, dat zij voor ratton 
alio attraolio voi'liost. Mot ainh'in \voor‘d(‘n g(‘Z(‘gil : <h‘ hoiiwhvgii’MU'. 
do zindolijkhoid on do afvoor van alValstollon mootim zoodanig wor- 
doii gooiganiso(‘rd. dat (h* stad onlu'woonhaar wordt vooi* ralton, dio 
(M' noch voi'hlijfplaatson nooh vo('dsol kiimuMi vindon. Dit hi'toog is 
logisoh on lua'l’l ('r vormo(Ml(‘lijk to(‘ hijgodrag('n. lad nog lal)iolo 
ovonwicht t(‘ dozoi' zak(‘ liiJ d(‘ hygi(‘nist(‘n t(‘ stahilis(‘tM’(ni. 

Ik wil h('t dan ook niot ludihon ovt‘r d(‘ rattonlu'stiijding in 
st('d(*n, maar ovor dio in hot opmi V('ld. waai' jaaiiijks kapitahni aan 
Knroj)oos(‘ho on Inlandsoho landhouw|)rodnoton aan dozo knaagdio- 
ron ton oD’or valhm. Hot is dnid(dijk. dat do sitnatio hi(‘r andors is. 
Is hot in do stoden mogolijk. <lo l)oroid(‘ |nmhicton van landhonw 
en veetoolt zoodanig op to sohnron, dat zij j)raolisoh voor latton 
onhoroikhaar zijn, iodoroon zal mooton toogovon. dat dit mot do to 
voldo staando gowasson. i.o. h(‘t voodscd van d(' vtddrat. andors is 
gi'stold. (looii liygionisolu' niaatrog(‘i(‘n zijn hi(M‘ in staat dozo goode 
gnivers, zvvommors on klimmors hot lovcm onmogolijk. of zolls maar 
'^'Uiir to makcn. 

Wil moil (Ills iots logon do I’attonfilaag to voldo doen. dan blijft 
er niets andors over dan de direote hestrijding. 



Ook in (lit geval /ijn v(‘l(‘n nmtront ino^olijk siirrcs scnptisch 
gestonid. In bovnnlxMlonldc' aitik(d(*n winden twcMr inodtM iio iniddeNni 
bnsproken : ralin on latinin; lad (‘(*rst(* (hmi ba(*tori(‘pi(‘pai“aat, lu't 
laalsto oen niaa^vor;j;ir. Ik' bozwaron d(‘Z(^ niidd(‘l(‘n woidtMi 

nitvooi'i^' Ix'sprokon, on rattonkonnors bij nitiiomondboid, hot odit- 
paai‘ Dr, 1 1 A(Ji. 1 ) 0 ()UN, zotton linn, ('vc'iu'ons woini^' hoop ^ovondo 
rno(‘nin:A nit('('n. (Aivhit'r lO'ib I, p. d.Vi), Tb^cMi do slotoonohisic' nit 
dil alios, ovor^^cnonion door hot Piw'Islation (Arohiof Ilkib I, [i. dOV) 
,,dat |l|•inoi[)iool van drzr bc'slrijdinji: in (‘(‘ii land als Java nooit iids 
t(' vt'rwaohtiMi is”, zijn ^(‘on doorslaainh' ar^iiiiK'iiton aan ((‘ vocmvii. 
Ook ratinin is h(‘h(*pt mot do lu'zwa'rc'n, dio t(‘,L>('n (‘Ik niaa^voi|iif 
zijn aan to vo(‘ron ; do ratlt'ii krij‘,>('n spoodiu' vord(‘id<in;,i‘. /ij niij- 
d(‘n hot V(‘r^irti,ndo aas (‘ii waarom Z()nd(‘n zij dat ni(‘t (hx'ii. waiir 
uvoral andoi* vo(‘dsol is to krij;;(‘n. Dovondii'ii l(‘V('rt oik niaa^v('r;;it‘ 
hot <j,ovaar oj) in o(‘n andoro inaati' t(‘r('oht to knniK'n konion, dan 
^vaarvoor hot b('st(*md is. 

Do sohrijv(‘rs ^aan (‘editor vordor: zij aiditi'ii ^ood <;(‘l(‘Z(‘n. iodori^ 
sn(.‘ 0 (‘svollo l)(‘strijdin;i; onmo^olijk. D(‘Z(‘ nitspraak wordt |;(‘has('('rd 
op (1(* loorst(‘ilin,Li,’ : ,Jn liopaahh' onistandi^hodc'ii fokke'ii ratton (‘(Mi- 
vondig zoo voort, dat do liovolking (‘V(‘m‘('(lig is aan don b(‘r(‘ikhar(Mi 
V()(‘ds(‘lv()orraad”. Zoo (‘(*nvondig is hot nn ni(‘t : hii'r wordt 0 (‘n Z(‘(M‘ 
spoonlati(‘V(‘ hvpothoso als nitgangspnnt hiinnoi* r('(l(‘n('(‘ring aan- 
vaard. Yoor do inisth(‘id hiorvan ontbrookt i(‘d(‘r Ix'wijs. Ik wil daar 
thoorotisoh nied di(‘p o() ingaan. d.ndi sh'c'hts (‘iikoh' aanv(‘(dithaio 
pnnt(‘n aandnidon. In ih* (‘(‘rst(* plaals is op tal van plaats(‘n o() Java 
do voods(dvo()rraad niinm(‘i’ (*on hoporkoinh; laedoi’ voor (1(‘ Aordoie^ 
vooitplaiiting van ratton (‘ii lo(di is ook daar h(‘t aantal ratt(‘n ni(d. 
onbogrc‘nsd gi’oot. 

Vordor wordt oon ()V(‘rdrov(‘n waai‘il(‘ g(‘h(‘(dit aan (h; grooti^ 
vriichbaarlioid van I’atte'ii voor liot siu'lh; horstol van hot vroog(‘ro 
evenwudit, i.o. hot oorsjM’onkoliJk aaidal ratton. Daarhij wordt vor- 
goton, dat ieder g(*dood paar in do nn'otkiindige' r(‘(‘ks, waarin (l(‘ 
opeenvolgxmdo goslaohten ziedi sain(‘nv()(*gon, do getallon in(*t doii- 
zelfdoii laotor (loot dalon, als zioh V(‘rni('nigviddig('n(lo ratton haar 
doen stijgon. Ilioinit volgt dat do voiinonigvnldigingsfaotor dos t(‘ 
mindor invlnod h('oft, naarinate; hot ()ors[)ronk('lijk gotal grootor is 
gewoest on in ons geval niogon wo gr»rnst aannoirion, dat hot z(V‘r 
groot is. 

Er wannoer ten slotte Dr. IlAGKDOonN, na jaronlang ondorzook 
tot de uitspraak komt: p. 307. „Door stndin van rattonsohade* in 



4-95 


071 

rijst on suikor op Java, is ons fliiidolijk p:oblokon, dal iiitrooion on- 
(liKMilijk is. iiiaiir dal in do pracdijk sl(‘clits liolpt oon verandering 
van do l(‘V(Mis(unstiiii(li^liodon van do dior(‘ir’. zon ik d(‘ vraa^ wil- 
pMi stcllon of do b('strij<linp; zolT niol ondor ,.v(M’andord(‘ lovonsoin- 
standi^bodcnr moot wordon p;erok(Mid. Volpons don solirijvor niot: 
„hot van^'on, doodslaaii, vorjiiftijiion van van (b^ l•att(*nl)('volkin^; 

is voor do pi’aotijk (‘von woinip: aldoondo a Is Ijot jaaiiijksolio \v(‘p;- 
soliioloii van iots inindoi* dan do natmiilijko aanwas van konijnon 
on fazanton door oon zor^vnldij-on jaobtoioonaar”. Evoninin vol^ons 
hot Proefstation dat zo^t : (l.o. p. dOi): „dat ])vincipiool van doze 
bostrijding’ in eon land a Is Java niots to verwaobton is, daar do ver- 
iiicorderin^ssnelbeid in vcrbaiid met do aanwozi^m voodselvoorraad 
oon zoodanige is, dat bet vornietigon van eon aantal oxemplai’on 
sloclits zeer tijdelijk eon geiJng ofteet kan bobbon”. 

Waiineer biorinodc bodoold word! oon moid(*ntoolo bostrijding, 
zooals dezo in don rog(‘l wordt toogopast. namolijk albabi als men 
last van ratten ondorvindt. moot men d(' jnistboid van dozo zions- 
wijzo inderdaad toogvvon. 

lliermodo kom ik op bot vooimaamsto pnnt. dat bniton i) 0 - 
solionwing bb'ot: wat vorstaat imm Ibitcdijk ombn' „b(‘sl)ijding : waar 
on wannoor ni(H‘t dozo wordini toog('past / Op <ioZ(' vraag Inido bot 
antwoord : 0 (‘n siiooosvolb' b('strijding is sbadits mogolijk door altijd 
on ovoral to bostrijdim. 

Hot is dnid(‘lijk, om tot do PPyo vorniidigdo diorini van Dr. 
IlAJiKDOonx torug to koorcni. dat iihmi iii(‘t \v(*or 100 yo van bot 
oorspronkolijko aantal kiijgt. als d(‘ ov(‘rlovond(‘ I y^ on nakomeling- 
srliap woor voor 09% wor<lt godood. voordat 10% van bot iiit- 
gangsgotal b(*r(‘ikt is. Dan bondt nnm 0,1 % ovt'r. Wordt dit weer 
mot zijn nakomolingscba]) v(‘rniotigd. voordat bot zicb 10 inaal 
liooft vormonigvnidigd, dan bondt nnm 0,01 % van bet oorspron- 
kolijk aantal over. 

Dij oon voortdiirondo bostiijding altijd door, wijzigt mon indei- 
daad do lovonsomstandigbodon, men sobnilt do grons dor bostaans- 
niogelijkbeid torng; bot aantal moot vmmindoron. Of do workzaain- 
beid van don rnenscb of oon onnatnnriijko toonamo van bet aantal 
katteii daar do oorzaak van is, is onversobillig: bot natuurlijk even- 
wiolit in de natuurlijke rattensamonloving wordt vorstoord en verlegd. 

Mils daarbij wordt bedaclit, dat de bostrijding niet hiei en 
tlaar plaatselijk moet worden toegepast, doch over heele aaneenge- 
sloten gebieden. 
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Dr. Dagkdoorn selirijfl (l.r. p. .‘JOt)) „0|> (Mikrlo f>uikerfabripk 
\vei’(l(Mi (la^elijks (ten niinste l\ve(‘ jam' laiij^) tiissrlien nejyeii cmi 
eirdiiizeiui ratt(‘n (l()()(];iesla<i;(ni (mi vooi’ de prc'inii^ tiiiiiien^el)ra(‘ht” 
eii viM vol^t. dal dit absohnit i:(‘en v(‘rmiiid('riii” ten ^(‘vol^e bad. 

Ilier lieej'l Dr. I Iackdoorx /icli een peroratorisciM' vrijla'id vei- 
oorloold, ol d(' lad rokkcMi siiikri rabri(‘k laadt zirli door pr('iiiie|a_i;(Mid(' 
koelic's, <li(‘ van ladinb* v\\ voir(' nud |•al^(Ml kwaineii aaiidraj^eii. lieid 
laten neiiieii. Zoo (MMivoiidi;^ (Mi constant is do jaarlijkscli(‘ vcrsprid- 
diii^' van d(‘ rat(('ii-slaiidaar«l iii(d. 

\Vi) lalcn hicroiidcM' (m'Ii talxd vol;j,(‘ii van bet aaiital lattcii. dat 
door (MMi \Vcsj-( 'bcriboiiscb(‘ on (‘cn reiiialaii;^sclM‘ j'abrii'k werd 
<.i(M|()od. 



Per plaiiljaar ^■('\aii,iieii ratten 

Maandt'ii : 

West-Clieriboii 

P(')iialaii;.i 


19‘Jt - 

lO'ir. — I9‘2(i 

1921 - - 1925 

.\faait 

IVM 

:>ld0 


A|iiil 

1 W55 

9022 

52055 

.\b'i 

22 (m5 

:iS(>5l 

285529 

Jiiiii 

:!()72:i 

29270 

112845 

.luli 

29501 ; 

2:!7(il 

99784 

Aii^iisliis 

205:i7 

11197 

521081 

S«'ploriil)(*r 

15070 

28884 

52800!) 

(VtolaT i 

t7<Si2 

27155 

157808 

N()V(Oiil)cr 

2it;:{0 

20845 

(»p”'eli()ii(l(‘ii 

Dcci'iiibcr 

:{o:jo;t 

451 1 

— 

Janiiari 

25952 

11191 

— 

l'6'l)ni:iii 

10710 

9002 

— 

Maail 

t()7i0 

11598 

— 

April 

1 iOS5 

527 

— 

Tdtaal 

2Si229 

1 28802 

1. 91 5599 


Ill d(‘ iiiaandcai .Mei (Mi .liini /iini wij d(‘ ('(‘isle {iiooti' iiivasit' 
oplri'deii. waimecr bet j()ii<i(‘ riet voor I’atleii aa lit r(*kk('lijk scbynl 
t(‘ zijn. Ken anderc' ^roote invasie pb^e^t op li* trialcn in (b'li tij'l 
der /ware bandjirs. b(‘t^i*en nit d(‘ \V(‘st-('b(‘ribon cijiers lt)24-- DI-'> 
(November— .lannari) diiidelijk blijkt. In dat jaar ]ie(‘rt 1)1 5^2 op 
di(* onderiKMiiinji; (‘ii ook elders in di(* stre('k een /(‘(‘i' ^'(‘V()eli|.^e 
scliad(‘ ^'(‘ledeii. 

M(‘rkwaardi;4 ^•eno(‘^ is van dit' iiivasii' in Ih'I laatstt' jaar op 
(](■/(' onderneininji, in teji;enstellin^‘ met de bmiii'abrit'ken (.laimari 
— Maart), bijna Jiiets in ineiken {zeweest. 
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Uit (leze cijroi's <lat dv rattm nirt als lamia 

\voi‘<loii hrschoiiwd, maar dat /ij. a I naar linn vni'dsnl- n.a. 
()nistandiglu‘d(‘n ni(‘(dn-(‘n^(‘n. zicli nn in lict dan in d(‘ padi, 

(Ml/,, ojiliondon. Nocli hc'slrijdinji’ in d(‘ lictlniiKMi, iiocli die in d(; 
sawali's all(HMi kan li(‘l|)(‘n. immi I'alnMck iiku'I in liaar ^(‘Iuh'Ic airaal 
li(‘striid(Mi (Ml (lit zal nn^’ \V(‘ini^ liat(Mi. indicMi di' lanii lain i(‘k(Mi 
zniks nala((Mi. 

Il(‘t li^t m.i. op den van (l(‘ cnltnnivoorrnrliliiij:. oin liitM’ 
('(MIS met nadink op \c \vij/(Mi. Wat locli is lii'l ^('val Ihiiir 
standpnnt is. dat in(‘id(Mil(M'l(' lu'sl riidiiin nicts j^iMd't, iiiaai' dc piac- 
jijk vocit /i(‘li ni(‘l V(‘i-ant woonl, wamn'or zij ni(ds tcgon dit sclia- 
di'lijk ^(Mli(‘rt(‘ do(d. /;ij lu'stiijdt dns locli. doidi shudits ini‘idiMil('t'l, 
zoolaii;; /ij naiiH'lijk last van lattini ond(Mvin(ll. 

lli(M' word! oiioconomisch ;i(‘\v('ikl. want g(.‘stt‘ld al. dat iik'ii iik'I 
lioo'ic l)(‘striidin^skost(Mi (hmi no,!* ,Lrroot(*r(‘ scliadc tijdolijk iKM'I’t 
knniKMi voorkonuMi. d(‘ iMMlivi^in;^' van (mmi niiMiwiMi aanval hlijl't 
als ('(‘11 /Avaard van Da.moci.ks l)ov(*n dt'ii aaiiplant lian;.it‘n. ni(.'t 
all('(*n voor mi. maar ook voor voljicndi' jan'ii. 

!)(' r('d('ii('('riii‘»; van (h'li iH'drijrsh'idt'r is liii'.r: ,,/oodi'a ik last 
van rattf'ii oiidi'rviiid (‘ii di' scliadi' mi'l cijlnrs kan aantooiirn. wi'iisrlit 
inijn Dircrtic. dat ik daar wat ti'j^i'ii do(' (‘ii /ijn d(' nilj^avi'ii dns 
Vi'i'antw'oord ". Tcri'idit wordt door li('t Proid’slation lii('rl(';^'('ii sti'lliiiji; 
ij;(Miom(‘n. maar ('('ii and(‘r(^ wi'g is. voor /oovi'i* mij hi'kiMid. nimnior 
aan^t'W(’/(‘n. Mon krijjit liii'init d(‘n indrnk. dat d(' Noorliclilini^s- 
di('nsi van oord(‘('l is. dat nion /ondor iikm'i* in lii't kwaad moot 
iK'rnston. 

Ik nio('n in hot hovonstaaiah' don W('^ t(' li(‘l)h('n aanui'diiid, 
0111 do la nd lion w prodnoti'ii. dio laarlijks door d(' vi'Idral wordi'ii 
^roonsiimoord, too to v(xyon aan on/on oogsl, namolijk door ('on 
voortdiiroiido on ovoral lot'^opasto Ix'strijding. Ik wll ilaar aan- 
Moiuls do l)0'/Avar(?ii van do pi*aotijk t(*^(Mi dit systoc'in aan toovoo- 
^011. Eigenlijk koiiion dozo noor op hot omgokoordo van zooovon: 
vWanneoi' ik blijt’ door^aan mot hot iH'strijdon van ratti'ii. als dozo 
ti;eon schado nuior aan mijn aanplant toohrongon, bon ik togonovor 
inijn Dirootio ni('t V(‘ranl\voord, daar niot in(‘t oijlms aangotoond 
kan wordon. dat ik daardoor vordoro soliadi' vooiivoni. 

Imi hii'riiu‘d(' sliiit zioh (h‘/(‘ vloi(‘n/i‘ oirkid. Want hijiia nio- 
niand diirll. ook al n(‘('ml Ini d(‘ jiiislla'id dt*/(‘r r(‘don('('ring aan, 
'^ijn „gold wc'gsmijton voor ot'ii /iohthaar sohijnsncoi's l(‘ V(‘r- 
^'i^solon voor ,,g(‘ld nitgi'von voor con allha ns voor('('i>l on/ioht- 
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haar sneers”. Kt'isf inoet <l(* seliade cv zijii. dan pas wnidt'n I'oikI- 
S(Mi ^(‘V()ii(l('ii uni lirt kwaad 1(‘ lK‘sti*ijden. ()|> (h'ze wij/.e loopt 

men aelil('i‘ d(‘ leileii aaii /under <lez(‘ uuit vulledip; le aeld('iii;ileii 

()l‘ un^(‘d;ian 1(‘ niaken. 

Keitelijk duet zieh in de k\v«‘sti(‘ der buui'd('rl)('slriidinp, pii'cics 
liel/.eird(‘ vuur. Il('t is d(‘ V(‘rdi<‘iisle \:in den ll('('r 1 ‘uli. (Areliid' 
19^25— 10:^6) dat liij in \('iseliill(‘nd(‘ artikcdeii pti'il vuur e(Mi Ix'slrij- 
din;^, als Iner l»edu(‘ld (mi wij Iwijlelen (‘r ni('l aan. of liet ^vuukm'isI 
unzielit haar sneec's" zal up sf. ^Kalihaj^or” nu'rkhaar wurdmi iia 
(^en lianliK'kki^ vuurt^(7.(‘ll(*. perniaiMMiP^ l)eslriJdin;L!. 

In (H'li p(‘rnianeid('. pr(‘V(‘nli(‘V(‘ h(‘slri)din_!n' liiil lad vuurnaaiii- 
ste. W(Mni<.^' Iiekende (Mi nup; mindin' erkinidi' streven van di' niuder- 
iii' pli\'(upalhulu;^ie e. a. Ilel ^eld daaraan hesteed. is li' heseliuiiwni 

als I'ini suurt vin'/ekin'iniisprinnie. waarvan he! nut /ieh niet van P' 

vormi laal vuuispellen. 

In den r(‘;^el paat mini er pas toe uvin’. die premie te hetaleii 
na eini ei nslij^e ealasi ruplie : /uu hi'laalt men nn steeds in di' hihil- 
vuurziiniin;^' in'il’ de prinnie urn /ieh tej^vn een sm'idiealasti'uplK' als 
die van di' ’(SO-in* jai'ini ti' d(‘kken. 

Of, um een vuurhe.eld te nuemen. waaraan di‘/(' m('(l('de('liii,u 
haar uurspruni: unlleent: in Anstralii' w i^l he! daar niid inlKuniiscln' 
kunijn /ieh na invuer. hij afwe/ij^lieid /ijner naliiniiijke vijaiideii. 
tut /nik een vinelit 1(‘ untwikkeleii. dal he! een he(|reip,in;^ wind 
vuur dim landhunw. /uu ernslip,'. dal de liest riidin^' sishnl ('eiii,Lie 
jai'en van ( iun vernements\ve<:;e ter hand win'd iiiniuiiieii en \'uuilu()- 
(lip; met siK'ees. >inds de tuepassiiiLi \an eali'innii'ya lide. 

Net i.- dit niiddel. dat ik liierunder hij di' ,1a va-Snikerindiistrie 
wil ini rudneeeren. waartue lict ecr^tinis wurde \ei|ieleken met dr 
tot dnsver ;iehrnikelijke best rijdin^smiddelen. I)e/e knnnen alle in 
drii' eateguriini wurden undei'jj;ehraelil.. 

I. hfl Vdifilf’ii ran rallrn airl handra rn karlirs. Dit systeein wurdt 
toe^epast duur die uiidernemin;^(ni. <lie vuurtdnrend de veldral 
tiestj'jjdeii. De. hetalinji ^esi'hiedt /uuwel in daj^luuneii als in 
[iremies. Ken vuordeel is, dat men een ^iiedi* emit rule heefi up 
de win'k/aamheden. l)(‘/e metliude kan eiditer nuuit vulkuiiieii 
sne.ees upleveren dour di' eraan verhunden nadeelen. 
y. de metliude is -/eer tijdruuveiid en kusthaai' D (upeiislaan 
der hulen). 

1) Vol^<Mis vi'istrcktr iKHiwkniii^c xaiin'il licI Itnlia” jii'i* 

rat Villi 0,9‘2 tot 12.01 rinit. Iloo j^^roati-r lirt iuiiital liiltpii, <l<'s iv ;.;rrin^^i‘r /.i.i'i 't'' 
kostm |jei’ griloode rat. 
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|)ij Ih'I ()|H‘iishi:ni »l('r lioliMi. kriji^c'n dr volwassrii nittrii 
vrrhil ;i:(‘lr^(*iih(Md tr (mlsimpjuMi, voonri iiK'lijk joiij^r. nojj; 
iiii'l n('sl:irlitsi‘ij|H' di(M(‘ii wordrii <i;t‘d(M)(l. 
hij lirt nriH'iiirii Viiii ImM iiilliMi woidl d(' iM'strijdiiij^ 

iii()(Mli|k('i\ Vonrul (l(‘ o|( |»r(Miii(‘s \V(M‘kriid(‘ koi'l'u's V(M’li(‘- 
/rii drii |>rikk(‘l tot lu'l o|»s(»()irii (mi opriislaaii dri' iirstrn 
of ■/.[] Itakai d(‘ lattiMi van ('klrrs. 

II. ('.<1. (waaroiidc'r ti' |•(‘k(alrll ItarttM'ii'- rii stMiini- 
|)i'r|)a rate II ). IlirniKM* ll(‘|■l‘ikt iik'Ii lioold/akriijk volwassrii dic'rcMi. 

\ad(‘(*Irii : 

/. s|iordi_u kfiJjj;('ii dr diiacMi ar^waaii tria'ii lu't aas j'li iiii)d('ii 
(lit. Mi'll iiiort lii't aas voorldiiii'iid van aard rii saiiH'ii- 
sti'lliii^u' doi'ii wissrlrii. wal oinsknditiu rn koslliaar woimH. 

"J. nii'ii lu'i'i'ikt sirriils di' lo('\alliLi In't aas passrrriMidr (lirrrii. 
:l. ^('vaar voor andri‘(‘ dirrrii. o.a. kli'iiK'r V(‘i’. ^vili'ii r.d. 

III. (i'H. Als vooi'di'rl liii'ivan iikh'I Laai'ki'iid wor- 
d('ii. dal tin'll .dir dii'rrn. jj,i’o(»l (Mi kk’in. in linn link'll. d(' 
M'linil|ilaals('n van nvi'i‘da;i. lH'r('ik('n kan. Tot diisvrr waivii allr 
ad('tnlialiii;isv('r;iirt('ii i'cliti'i' nu'l irrooti' nadi'i'lt'ii ln'lirpl. \i'k' 
iniddi'k'ii (o.a. /\va vrlkonlslol ) /ijii tr diiiir i'li/ol !(' laiiii/aain 
\V('rki'nd. Andrfr wi'rki'ii /vrv >ni'l. inaar Irvt'iH'ii t('V('ns ^('Vaar 
()|) \()()r di'iiLii'i'ii. dii' ('rin('d(' Wi'rkt. Ilirrtoi' lu'linorl lilaiiw- 
'/iiiir;ias. dal ninniddi'llijk wt'ikt i'li Vi'i'lal lii'lirnikl wnrdi voor 
d(' onlraltiiiiLi van srlir|K'n. Ilrl oniLiaan ini'l d<' (li'vi'iis inoi'iliik 
t ra iispoi'U'r rha I'i') ui'iK'ratoirii Itk'rk i'rlili'r /ri'r ,Lir\aaiiiik voor 
di' iiilii'i'iiisidir Wi'ikkraidilrii. 

Tilt ilr/i' laatsti' niiddrlrii ini iM'hiiiirl iiok rakinini’vaiiidi'. 
lli't is ri'ii piiiihirt \aii di* „Ani('iiran (‘\ anainidi' ( oinpaiiy tr 
Nrw-Vork. lirt roiiri'iii. dat di' Nia;iai'a-va!li'n i*Ni»li)itrrrt voor 
liot hiiidrii van Inrlitstiksti)!', Viiornanii'lijk tot kalk^tikstol (i'alriuni- 
vyananii(tr ). lirt ^voi’dl alj^i'lrvi'rd in vrrsrliilli'iidr assort iinrntrii, 
dii' alii' rrn bepaald [ii*iri‘nta,i>i‘ rvaankalk ((’a (('Nb) iH'vattrn. 

lli't i^rootj^tt' voordeel nn van dit middi'l is. dat iih'ii \vi*l inrt 
blaii\vznnr}j,as (IICN) vri*^it'tiiit. dorli di* ,,<.ii'n('rator van ilit }^os, 
d.\v.z. (l(» slot, Avaai'uit lirt izas /irii ontwikkt'lt. /i'll in i'i'ii iiii^ on- 
t^ovaarlijki'ii vorni in lu't hoi hi-(‘niit. 

Ihiiii'i' inviord van ih'ii atmiistriisrlii'n wati'i'danip. <lio in de 
hfili'ii vrijwri sti'i'ds dr Vi'izailigilr sjiannini;’ nadrrt. krij^t iiirii dr 
vo|{.!;eiulr oin/rttin;^- : 

Ca (CN)i 4- 21120 2 IK'N 4- Ca (011)2. 
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K(‘,ii aiider hiilUMi{j:<nv()()ii voordct'l spriii*^! nit viMp'liikin^ 

niinr vornii : na do j^usontwikktdin^- hlijil sloclils (mmi volkonuMi dn- 
schad(‘lijk luoduct : ‘ 2 ;ol)(iisrlit«‘ kalk. a(‘fit(‘r. 

VViJ lntoii tfiaiis d(‘ i‘('siil1al(‘ii van la’iifd'iKaiiin^i ii 

voignii. VVij ontvinfi;(ni Iwaa' assoiiiiiKMiUMi. nl. ,,;j;rannla i immi inol- 
korroli^- prodm't, dal (‘(‘iivondi;^' mot oni lati^;uvst(M'ld l('|)('lti{‘ in IkO 
liol woi'dt j 40 ^'()()i<l (Ml ,,AHlnsl” (hmi /(mm' rijii |»()('d(M‘. dat imO (M'ii 
(H dv(M‘isat(Mir in lad liol naad wordiMi ,!i(d(la/(Mi. 

I((d ,,^i‘a iinia r’’ iiial(Miaal wcM'd o. a, t(M‘i^('|*ast op sf. ,,S<)(M'a- 
wiiia ii^^oiMi”. Op Maait \v(M‘d(Mi in niijii t(\ii(Mi\\ oordiula'id pi'nnvnii 
^ormna'ti. In d(‘ (‘(Mst(‘ plants oni d(* OdaO' dnsis tni do sindlioid \aii 
working t(‘ l)(‘pr()(‘V{Mi. M(Mi had in (mmi kiiil van '2 void dii'pto oon 
aantal ratUni vorzaniold. i.w. I vnlwassini. A lialfwassmi mi lO no- 
zoor jon^m ration. In dmi knil wan'd ()n;:cv(MM‘ 1 -ram oyaankalk -o- 
hraidit. nimion (Vni minnnt was do vniwassmi rat dond. di' liaHwassmi 
ratton waron hcwvnstcdoos doidi vortooiahni imj-' lad’li-c spim'kranipmi. 
Do jon-sto ratten liopon no- rond. Na vijr minntmi hlokini ook d(' 
haltwasson ratton dfaid. d(‘ jon-sti' shndits hi'wnstidoos. Kr word 
Diaris no^ oon p^rani toomwoo^d (mi na 10 minntini was alios dond. 

Iloo ondor d(^ i‘allmi '/ipi. dit hh'ok ook in alh' \ord(M'(‘ proiwani. 
(h's t(' (‘m'd(M‘ word(Mi /ij -cdood. Inlnssi lani ldo(d\ ook, dat hi'wii^- 
t(dooz(' dioiani, '/oils iil worihni /ij dadidijk in di' IVissida' lindil -o- 
hraidit. /i(di ni(d. wo(M' lanstidlmi. /ij -aan /oiahn' nit do narroso 1o 
ontwakiMi. ond(M' lawi-o spimkranpMMi. vooral van d«' ad(Mnlialin-sor- 
-anmi. onhmroi'pidijk to -roiah*. 

Dij d(‘ vm'd(M'i* proi'vmi wan'd nad (mmi /. A.-lop(dl ji' oii-('\o(M 
0 -ram oyaankalk in (nni liol -adn-aidit. di' oponin- oppmvlakkiy 
nad aardi‘ -oslolon (ni na o(nii-(* miiintini lad liol opmi-i'sla-on. 
Stoods l)lo(‘k lad. snooos volkonani. Kmi tnikidf' niaal wist V(ni vol- 
Wasson rat door oon andoron nit-^an- to ontkomon. vi(d (‘olitor l('i- 
stond noor, oin orider do bovon hoscliiawon vcnsohijnsidon sjaanli- to 
stervoii. Soins bleek oon liol niet door ratton bowoond, niaai* door 
een slang, die het iiiteraard ook bad afgolegd. 

Dot andere materiaal ..Aninst” word tor protdnoniiii- aan si. 
,,Kadipaton” algostaan. mot oon jadvorisatonr. zooals di'/o in Aiistralin 
bij do konijnonbostrijdin- woidt gobiniikt. Dit toi'slol oon /.g. .,diisl“ 
blowor” word inij door de tirma Hr/.\ooTT cN' Co. Ltd. nit Sydia v 
toogo/ondon ini werkt /oor good, torwiji (am antoniatisidi b(‘paald(* 
dosis vooi’ iodor liol wordt vorlirnikt. Ibd. t()(‘stol is oolitor voor ons 
dool minder gosidiikt; bet is le -root oni iird(‘ liottuiiajii to woidoii 
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oelraiisj)()rtoor(l v\\ nMloliJk /waar voor rVai koolio. BuvendiiMi 
lijkt (l(‘ const iiictK' tc zwak vnni’ dat^oiu*, wat //ij van on/e koelies 
hcl)l)(‘ii t<* vcrdiinai. Il(*1 nidwcip van (mmi and(M' toi'sici is l)ij oiis 
i‘ccds in l)(‘\V(‘i'kin^-. 

lntnss(di(‘n l)l(‘ck niij. hij niijn l)(*z()ck op *28 April. d(‘ winking 
no;:; V(M‘1 siadlfM’ t(' zijn, lict r(‘snllaal wcMlcroni volkomcn. I)c l)c- 
handc-lin^ is cclil(‘r iid.s oinslaclitij^cr. 

Op l)cid(‘ ondf*rncnrni|j;(‘n \V(‘rd(‘n do liolen oj>^‘espoord iiud 
liond(Mi. zooals di(‘ op dcz(‘ ondcriKoninj^'cn l)ij d(‘ raltcnjaclil \vord(Mi 
ovbrnikt. Bij hot opcnislaan van c(‘n nud „,m‘aindai‘” Ixdiaiidcld lioL 
wist ('(Ml liond ('rhij t(‘ koiiK'ii. sniiBckh* (‘V(‘n aan liot liol (MI koii 
sk'clits iiK't riKM'itc wvvv hij \\did('n p;('l)raclit. Ilij „A-(liisl”-pro('V(Mi 
was ('('ll ('\(.Mi onvoorziclitiji'c IkmkI onniiddcilijk dood. 

WiJ vcniK'Idcn dit oni t(‘ wijzcn op licl ;i,root(-' j^cvaar van lict 
ontijdi^' opcnslaan dcr lioicn. Dc koelies liehlieii daar ecu Z(*('r 
sterk(‘ neijiin^- toe. onidat zij ni(‘t knnnen lie^riipen. dat (‘cn lieidje 
van dit poeder zoo xa'iaiieti^ciid wankt. Zij wilk'ii zieli aanslonds 
van lict ..wonder'’ ()V('rtiii;j.en (mi ^I'dra^ncn zieli daarliij even on- 
voorzieliti^i; als laMbH'Ide lioiiden. 

I)(‘ rodi'flrrjrn resnnieerendi'. ikx'Iii ik 

1. de liijzonder ('eii vondi^n toepassin;j,. vooral van .,;j,raiiiilar”, 

2. de zeer snelle en leillooza* werkiii;^. 

d. de ^('rin*!(' kosten door (l(‘ kleine dosis; najiciioe^L!,' j^eeii trans- 
poj’tkosten. p'(‘n tijdvei lies -mils men liet opi'iislaaiiiler. Iioleii 
verliiedt. 

4. het drojie poe(l(:M' is voor liet <i('l)rnik onj.i('vaarlijk : alleen 
waniKHn* liet in aanrakinn: konit met op(*ii wondeii is lict 
zeer V(M‘”if‘tij;-. 

A. d(‘ ^'('vaarlijke hlanwzniirdampen ontwikkelen zieli onder- 
^rondseli. 

a ons(diad('liik('. ;i(‘hlnselit(‘ kalk is liet eeni^e aeliterlilij vend 
liestanddeel. 

Bij (M'li ‘^’oed ^(‘oruaniseerde to(‘passin;j; staan liierte^ciiover j^cen 
oad(*('len. De nioj^(‘lijk(' m'varen zijn ;i;eniakkelijk te ()iid('rvan;i('n : 
''-'.i ontstaan allet'ti hij onvoorzieliti;^heid. 

Zoo nioet worden l)eda(dit. dat in d(‘n wesinioessoii de (lam|(krin|j, 
^•'or voeliti^' is: de laissen. waarin (k* evaankalk wordt liewaard en 
vt'rvoerd nioeten ^u'd sinilen. Bij liet ^'ehi-nik van ..granular'’ inoet dan 
siK'l woi'den ,u('W(‘rkt : d(‘ hiiss(Mi inoehMi zoo kort nioji,('lijk ^(‘opend 
^vordeii. Oednrende regiMis dient liet gehrnik te worden verluxltni. 
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Eon niidcr j^ovaar soliiiill, /onals in hot ontijdi^ d.w./. 

1(‘ vi'oo^’ ()|K*nslaan <l(n* linhai. Xaar inijn iiKaniin^ incii 

daar niots iikmIo (mi dicnd. dit (‘('iivondi;^' \v \\()i'd(ai vorbodiMi. Ik 
li(d) (lit i'(‘ods V()()r^('stold, dooli niij wcavl ((kmi ^la'anlwoord. dui 

moil dan ^o(mi oontrdh' i)[) d(‘ k(M‘li(‘s iio(d't. Dil is \V('I waai; iiiaai 

d(‘ ^raad van jiiistludd d(7.(M‘ oonliuk* m.i. iiiid op lid 

ononno tijdvm’liis vorhondim aan hot ojMm.Ltravmi dm* liolmi. 

Eon koolio. di(‘ niids and(*i‘s to doim Ikh'II, dan (dk — (‘vmitiaa'I 
mot liolinlp van (‘on liond 'i,(‘vond(‘n - liol to vt*i'^(‘vmi. (loot onoiiidi;: 
vtH'l iikVm* af. dan oon i^roopjo van dii(‘ ol' vioi* koidios, di(' i('d('r 
liol iiKH'ton nit; 4 rav(‘n (na minshms 10 mimiO'ii \vaolit(m) (‘ii lid 
••at wool* diolit\V(‘rp(‘n. 

Do laatsl(‘ m(‘tli()d(‘ kost ni(‘t aiha'ii (mmi vo(*lvond van d(‘ ('(astc. 
maai’ lovort l(‘vons lad nado(‘l op, dal da;j,('lijks o('n v('(‘l kli'iiK'i* 
ai*(‘aal wordt lioliandi'ld, mot als ;;'(‘vol}i; dai inmi na \(‘ol laiid'i'(‘ 
tnssolionpoo/.(m op doz(‘ird(‘ ^ 1 * 011(1011 1(‘ridkonit. 

Naai* iiiijn in’/i(*lil di(‘nl (1(‘ ratt(Mih(‘.st lijdiid' zoodaniii; ti* woi- 
d(‘n ;j;o()i*pinis('oi*d, dat (1(‘ on(loi*nomin;i; liaar ^olioidi' a roaa I /(')(') over 
(‘Oil aaiital „('vaan^as”-ko(‘li(‘s v(‘r(l(‘(‘11. dat (dko ko(‘li(‘ t(‘ii mitislo 
i(‘doi*o l\vo(‘ maandon in zijn ;i(‘]H(‘(l \V(‘('i* op di'Zi'lldi' plaatsf'ii tinid'- 
koiiit. !)('/(' m(‘ns(*}i(‘n liold)(‘n ni(‘ls and(‘i*s t(' domi dan li(‘l limi 
tood'\v(‘zon d‘l>i<‘‘l* <‘1 ‘1*'" '••<‘1 h(‘lmlp van oi'ii liond. afti' /oc- 
kmi (‘11 aan i(‘d(‘i* liol (*yaankalk loo t(‘ di(‘n(‘n (‘ii dil opp(‘i vlakki,Li 
at to sliiiO'ii. Zij l)op(‘i*k(‘n Imn \V(‘rkzaanili(‘(l(‘n nii't tot d(‘ lidliii- 
iK'ii maai* /ookon ov(‘i*al. diis ook in do sawali’s, (h'ssa's on/. 

Mot spi*t‘(‘kt van /(‘If. dat wij liii'i* sl(‘(*lils o(‘n S(*li(‘ma 
dat al iiaai* di' omstandij^li(‘(l(‘n d(M)i* (1(‘ pra(*tijk aniomatisoli woidl 
^■owij/i^d. Daarhij moot t(‘V(‘ns prooron(loi*vin(l(‘lijk liliikon, lioov(‘(‘l 
volk m(‘n noodi;^,' li(*(‘rt. 

.Mon l)(‘donk(‘ dat in hot lH‘gin, /.(‘Its liij t(‘ \v(‘i*kstolliid' van 
V(‘ol kooli('s. olk(‘ ;iedood(‘ rat jiraotisoli niots kost, omdat or /'»') 
V(‘rl)a/(‘n(l \’o(‘l \vord(‘n ;i(‘doo(l. Xn spr(‘okt li(‘t van /(‘It. dat l»ij la'I 
a(’n(‘mon van li(‘t aantal ratton. do k().st(‘n p(‘r }.^(‘doo(l(‘ rat st(‘i'k 
opIoojHMi. Moo li()()^(‘i' dozo koston vvord(‘n. m.a.w. Ii()(‘ mind(‘r ratt(‘ii 
g(‘(loo(l wordon. d(‘s t(‘ hotor oiT(‘ot li('(‘rt d(i l)(‘strij(liid;. 

l('(l(‘r(‘(‘n vo(‘lt, dat dit tli(‘orotisoli jnist is, maai* dat do practijk 
oisolit. dat or Con r(Mlolijk (‘vonwiclit ontstaat tiiss(*li(‘n liostrijdin^^" 
koston on kost(‘n poi* ^(‘doodo rat. Van^t mon practisoli niots ni(‘oi 
dan hondc men nict op. maar veroiiodere zijo ^Xf/amif/as-sfal" 
danigy dat men dezen toestand handhaafl. 
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(|('t is (liiidt'lijk (Inl dok lii('r()in rcii /<‘k(‘iv coiitrnli' \\('iis(‘li(‘lijk. 
is. Men ]al(‘ (laarom ()[► ()ii,L!;ci*(‘;.i(‘l(lt‘ tijihai <i(‘ koi'lic's (‘iiiitrnleeiiai 
iMi (laarl)ij kniiiK'ii dan 1 (‘V(‘ns iiii cn (kin lioh'ii pM)[K'iiil wordi'ii, 
0111 cen iiidrnk li‘ kiij^in'ii van d(‘ ;irooll(‘ v;in liot :i:iiit:d raltdi. 

()|i d('n voofj^i'ond ski, dal nion niiiinicf di' Ix'stiiidiiiii licIh’cI 
stak(‘, ook al koiiion j)i-aclis»di ^(‘(‘ii inlli'ii iiioor vnor (mi dal hum 
d(‘ hestrijdinii niol lot <l(* liolliiinon l»('|H‘ik(*. 

|(Ml('i*('on wi'i'l dal d(‘ nilli'iiscliiidc' :i;in liol riot sk'clils oi'ii IVac- 
ti(‘ l)ol('('k('nl van d(‘ S(di:ido :i:in do [Kidi. kon Ix'sl lijdiid'. ;ils liiov 
l)(‘do(‘ld. is (Ins /.(Vt sl(*ik in lud voordi'ol \;iii d(' iiiki iidsolu' Ik'VoI- 
kiiiji'. In d(‘/.o sti(‘k('n wordl d;il door li;i;ir ook /oor iii^o/ion 

(Ml arid ik lad Z(mm‘ \v:i;iis{diiinlijk. dal iikmi van dossa-w (\u(* li(M'oid 
lilijkl liol door d(' I'alnd'k \ (msI r(*kl(* iiiaka iaal V(M'd(M' loo to [(assiMi. 
Zoo acid ik lad, /.ond(M‘ daarovc'r in d(dails k' lr('d(M). in volt' p*- 
valliMi niogc'lijk oni nad d(* iM'volkin^’ kd (mmi oom|iiiMnis to j.i(M:ik(Mi, 
/nodal d(' l)(‘slrijdiii;j,‘ van d('/(Mi <^(Miio(Mis(dia|i|>o!ijk(Mi vijaial 
al k‘ /wall', ja /('ll's ^(mmi /.\var(‘ koskai op do fakrii'k laadl. 

T(M'Ioo|(S ino;i(' wordcMi o|»<^(‘iiaMkl. dal d(7.(‘ird(' ovaaiikalk alio 
di(M'lijk lov(Mi d(M)dl. /ondiM' d(' plaid ook niaar in lad niiiisl aan 
to task'll. Zoo laal la'l niiddi'l zi«di iia'l jiirool siaaa's k'd'ii oiiui'i- 
liii^rn-. lorniiok'iiidap'ii (‘.d. aan\V('nd«Mi. In laiidoii iia'l „\vliik' 
lahoiir” j^aal iia'ii jio;^‘ vi'rdi'r, door liol k' uidiriiikoMi k'l^i'ii liovon- 
}ir('nds(die diorlijki' vijaiak'ii als liiizi'ii, rnpsc'ii o.d.. iiiaar dal lijkt 
oils li.l.l. ^('vaarlijk. oT nion iikm'sI daarliii ;iasniask('rs na'l kasisidi 
nikk('loarl)onaal of nalriiinilliii^siilt'aal lakai drai:('ii. 

Wat (‘n^('i'linj^(‘n|da_Li<*n I'.d. I)(‘lr(*ri. zijn wij iiiiiiiddi'Is ;^aarno 
Ix'i'oid lot liot vi'isl rokki'ii van nadori' inli( liliiijii'ii. 

Do ,,ovano-ii;as ’-[aodindi'ii di'r ,,.\iia'rioan-t'vanaiiiid(' (’onifiany 
'/ijn no};' niol o|» Java v(‘ikiij;^haar. W('l wa'rd di'/or da}j;('n, .iaar 
aanloidiii;^' oir/i'r j^i'slaaji'do prooriu'inin^d'ii, dt' lnt('rnationalo ( rodii't- 
011 llandc'lsvoroonij^iii}:: ,,lkdt(‘rdaiir’ door d(‘n lalaikant tot vort(‘- 
}i;<‘n\voordi^('r voor doZ(* prodindon op Java ki'iioonal. 

()nd('rard('olin|4 (’iiKinno.N. Jnni IlkiO. 
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I I'iiiishit ('(I from the Ihtfeh — ".Irchiius of the Sutior I)uli(slr\ of iJir 
Dutch luist hidirs ' 1^121), Xo. 2(». pf. 

CoNTROLF.ING RaTS WlTll CaLCIUM ANIDK 

By Dr. V. J. Konini^sber^i^er. 

Coming back to the subject of rat control concerning 
which several articles have appeared in the “Archief”, I shall 
show how and when this terrible plague can be controlled. 

The medical correspondent of the "Niewe Rotterdamschc 
Courant” (Year 1926, I, p. 294 1st Vh)l.), on the strength of 
numerous authorities, expresses the belief that the direct con 
trol of rats in cities can never be suHiciently and positively 
effective. At most this control can only be auxiliary to some 
other means of control, namely that the cities be so built as 
to lose all attraction for the rats. In other words, building 
sanitation, cleanliness, and refuse disposal must be so organ- 
ized that the city will be uninhabitable for the rats which will 
hnd neither accommodation nor food there. This view is 
logical and has, moreover, been confirmed by sanitary experts. 

1 will therefore not discuss the control of rats in the cities 
but in the open fields, where annually great losses of agri- 
cultural products, both Kuropean and native, are sustained 
through the activities of these rodents. It is evident that tlie 
situation with us is different. If, in the cities, it is possible tc 
place harvesting and slaughtering products in storehousts 
where they are practically inaccessible to rats, yet, it must be 
admitted, that this cannot be said of those products still grow- 
ing on the helds, so that for the field rat the situation is a 
different one. No sanitary measures here will check these 
splendid diggers, swimmers, and climbers, or even anno\ 
them. 

Accordingly if the held rat plague is to be eliminated, 
nothing but the direct control method will suffice. 

Even in this case there are many who are sceptical of a 
successful control. In the ab(we mentioned article two modern 
remedies were discussed, namely: Ratin and Ratinin. The 
hrst is a bacterial preparation and the second a stomach 
poison. The disadvantages of these two remedies have al 
ready been pointed out by those who specialize in these mat 
ters, and Dr. Hagedoorn (Archief 1926 1, p. 252) himsell 
expresses very little conhdence in them. ITe Hnal conclusion 
arrived at in all of this has been summed up by the Expeii 
mental Station (Archief 1926 1, p, 394) in these words: 
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‘‘fundamentally there is nothin^^ to be expected in a country 
like Java from such methods, in favor of which no satisfactory 
claims can be presented.” Likewise Ratinin has this disad- 
vantage; like every other stomach poison, it arouses the rats' 
suspicions, who avoid the poisoned bait and why should they 
not, considering that they can obtain good food all around 
them? Further, every stomach poison offers the danger of 
its reaching stomachs for which it was not intended. 

ddiese opinions go even further, since, basically, what 
they imply is that after all, successful control is (]uite impossi- 
ble. This conclusion is based upon the theorv that '‘Undei 
certain circumstances rats will multiply in such manner that 
their numbers will be in proportion to the available food 
supply.” It is not quite as simple as all that, however; in 
this case a very speculative hypothesis has been taken as 
ground for their reasoning. All proof is lacking to show the 
correctness of it. I do not intend to go deeply into the theory 
of this matter, but merely wish to take up a few disputed 
points. In the first place, there are many pnrts of Java where 
there is never a scarcity of food, and this cannot there be con- 
sidered a factor in the breeding of rats, since the number of 
rodents is not so tremendously high. 

Furthermore, a very much exaggerated idea s prevalent 
regarding the breeding capacity of rats to recuperate lost 
numbers and maintain the original number. It is overlooked 
that for every pair of them that is destroyed, arithmetically 
figured there are as many killed as the living rats should 
otherwise have produced through succeeding generations, 
hroni this it follows that the multiplier diminishes in impor- 
tance according as the original number is greater and in our 
ease we may consider that such original number was very 
great. 

Now, Dr. Hagedoorn, after many years of investigation, 
eonies to the conclusion p. 307 : “A study of damage done by 
rats in the rice and sugar crops of Java has clearly proven 
that their extermination is inconceivable, but that a change in 
die living conditions of these animals will be of assistance, 
but nothing more.” And I would therefore set the question, 
whether the control itself is not to be considered among such 
‘‘changed living conditions.” According to this authority, 
No. ‘'The capturing, beating to death, and the poisoning of 

of the rat population is in reality just as little effective as 
IS the yearly destruction of something less than the natural 
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increase of rabbits and pheasants by a careful game proprj 
etor.” Likewise the Kxperimental Station declares: (p. x94) 
‘‘In principle, nothing can be hoped or expected from such 
control in a country like Java, since the breeding rate in con- 
junction with the available food supply is such that the de- 
struction of a number of these pests can have but a slight effeci 
and that for but a short time.” 

If by this we mean only occasional control, as is usually 
practised, namely at such times as the rats give us most trouble, 
we must agree with this point of view. 

'Lhis brings rne to the main point which has been left out 
of consideration: what is actually meant by “control”; where 
and when is this word in place? To this the answer is: suc- 
cessful control is only possible through continuous and general 
control. 

It is plain- returning to the 99 a extermination spoken 
of by Dr. Hagedoorn — that the original lOO/h are not obtained 
if the surviving 1% and their progeny are again destroyed to 
the number of 997^-, before 107 of the original number is 
attained. 

Then there remain but 0.17. If these and their progeny 
are again destroyed proportionately before they have multi 
plied by ten, then there remain but 0.017 of the original 
number. 

By continuous and repated control you do in fact alter 
the conditions of living and restrict their possibilities of exis- 
tence. In other words, their number must decrease. If it is 
owing to mankind that the artiheial increase of cats came 
about, that does not matter; still the natural balance in the 
natural life of the rat was disturbed and altered. 

It must further be borne in mind, that control must m^t 
be applied here and there, but over entire stretches of cou 
tinuous territory. 

Dr. Hagedoorn writes (p. .^06) “In a single sugar milk 
for a period of at least two years, there were killed between 
nine and eleven thousand rats daily which were gathered sub- 
ject to reward.” And, he states, this lead to no diminution 
in their numbers. 

In this Dr. Hagedoorn took the liberty of making 
oratorical gesture, or else the sugar-mill was deceived by the 
coolies, who for the sake of the reward, brought in rats from 
far and near. The constant of rat propagation is not so heavy 
in the year. 
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Here below we give a table of the kills in rats obtained 
by a West Cheribon and a Penialang mill. 

IvATs Kjm.ki) Di kina; Plax i i.nc Ykak 



WlAST 

c iii-:Kir,()x 

!’kM Al.AXli 

Month 

1924-1925 

1')25-1929 

l'V'4-192S 

M.'irt'h 

7437 

3130 

— 



. 14055 

0022 

32055 

M<t\’ 

22(65 

38r.51 

283320 

hlHH 

M)722 

2' >270 

112843 

jtilv 

.. 2<)5()t) 

23701 

0')784 

AiiyiiNt 

20537 

110)7 

.^9081 

S(‘|)t(‘ni])cr 

15070 

28884 

328000 

( 'ctoher 

17842 

27153 

137808 


21030 

20845 

Siis|)(‘n(l(‘(l 

! )c‘('('nilH*r 

^f)3()3 

4311 


lanuarv 

25' 

11101 


lAhniarv 


or.o2 

- 

\'arch ■ 

1074(1 

11308 


Ayril 

140X5 

327 

- - 

Total 

2X422' ( 

128802 

131 5500 


During the months of May and June we note the lirst 
great invasion, that is, the time when the young cane seems to 
attract them. Another great invasion would appear to occur 
at the time of the large ‘‘bandjirs’', as can be seen from the 
ligures of West-Cdieribon, 1924-1925 —November-januarv. 
In that year heavy losses were suffered by that company as 
well as by others in surrounding territory. 

It is interesting to note that in the last year there were 
few to be seen on that company’s grounds in contrast woh 
nearby factories ( January- \i arch). 

From these figures it follows that we must consider the 
lat a migratory animal, which settles only where it finds suit- 
able food, now in the cane, now in the rice, etc. Neither 
control in the canefields nor in the rice fields is in itself suffi- 
cient, -a factory must combat these pests throughout the entire 
extent of its domain and even this will be of little use if 
neighboring factories fail to do likewise. 

One point now comes to my mind in the matter of educa- 
tion on this subject. My standpoint is that occasional control 
In ings no results, since experience has shown that it has had 
no effects upon these harmful pests. The present practice is 
to combat the pest only at such times when they cause trouble. 
Oiis is an unwise practice considering that after going to a 
^'^^pense to control the pest, the door is left open for a greater 
damage ensuing through a fresh attack, which hangs menac- 
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ingly like the sword of Damocles over the treated area, likely 
to strike now or in the following years. 

I'he managers’ reasoning is as follows: “as soon as 1 have 
trouble with the rats and can present a statement of then- 
damage in figures, my Directors want me to take action against 
them and my expenditures for the purpose are approved." 
There is good reason for the Experimental Station to adopt 
a contrary attitude, but any other method as far as I know, 
has never been suggested. From this one gathers the impres- 
sion that the educational service is of the opinion that eradi- 
cation of the evil is impossible. 

It is my intention to have indicated above a means for 
savings the crops of agricultural products consumed by the 
field rat each year, namely by a control exercised everywhere 
without interruption. I shall now take up the objections 
raised as a rule against this method. 'J'hese in fact come back 
to what we have just explained, thus: “If I should continue 
combatting the rats after they have ceased to cause damage to 
my plantings and properties, 1 can show no justification 
therefor to my Directors, since 1 cannot prove with figures 
that I am preventing further damage.” 

Th is completes the vicious circle. Because nobody, even 
if he accepted the truth of this reasoning would dare to e.\- 
change ^‘an expenditure for a visible semblance of success” 
against expenditure for a problematical and unseen suc- 
cess.” First let the evil occur, then m,()ney will be found to 
combat it. In this way wc keep constantly racing behind the 
facts, but never catch up with or eliminate them. 

In fact, the (juestion of borderline control comes up in 
exactly the same manner. Credit is due Heer Poll (Archief 
1925-6) that in several articles he pleads for a control as here 
described and we do not doubt but that the “problematical 
and unseen success” will as per “Kalibagor” become apparent 
after a continuous unceasing control vigorously exercised. 

A continuous preventive control affords an advantage 
which is seldom recognized and practically never taken into 
account in our modern plant pathology, namely, that the 
money invested for this purpose must be considered a sort of 
insurance premium, the benefits of which cannot be forseen. 

As a rule, one determines to pay the premium only after 
a serious catastrophe. Yet one could consider this item as a 
preventive of a catastrophe like that which overwhelmed us 
in the 80’s. 
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Now in order to give an instance to illustrate the above 
point of view, let us mention the following: in Australia, the 
rabbit which is not a native to the country, was brought in 
from abroad, and attained such numbers, owing to the absence 
of natural enemies, as to become a menace to agriculture, and 
so serious a one that its control has for some years been taken 
in hand by the (Government, and with apparent success since 
Calcium Cyanide has been used. 

This is the remedy which 1 wish to introduce to the java 
Sugar Industry, and which I wish to compare with the con- 
trolling materials in use heretofore. These can be divided 
into three classes: 

I. Rat catching with Dogs and Coolies. This method 
is followed by those companies who constantly exercise rat 
control. Payment is both by a set wage and by prizes. One 
advantage of it is that a careful supervision is made of the 
work done. This method however can never give complete 
results owing to its inseparable disadvantages. 

One. This is a long and expensive process ( ' (dig- 
ging up the burrows). 

Two. In opening the burrows, the older rats mostly 
manage their escape, whereas the younger ones, 
too immature for reproduction are the ones 
destroved. 

Th ree. As the numbers diminish, their control becomes 
more difficult. Now the coolies who have been 
working for a prize lose interest in locating and 
destroying the holes and nests, and may even 
bring rats from the outside. 

II. Stomach poisoning: (comprising bacterial and serum 
preparations). This aflects mainly the full grown rats. Its 
disadvantages are: 

One. Very soon the animals become suspicious of the 
bait and avoid it. The bait must constantly be 
varied in point of looks and make-up which 
becomes excessively costly. 

Pwo. Only rats who bv chance come near the bait are 
affected. 

Phree. Danger to other animals, such as young cattle, 
goats, and the like. 

fr accurately calculated figures, the cost per rat caught varies 

ojTi to 12.01 cents. The greater the number of rats, the smaller is the cost of 

rat destroyed. 
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III. Respiratory poisoning: The advantage herein af 
forded is that all animals, large and small, can be reached m 
their burrows as well as in their day-time refuge. Up to now 
all respiratory poisons offered serious disadvantages. Many 
such remedies (for instance, carbon disulphide) are either 
too expensive or too slow. Others work very rapidly but are 
dangerous to the men handling them. Among these stands 
hydrocyanic acid gas, which works immediately, and is used 
for rat extermination aboard ship. The handling of the gener- 
ators, which arc hard to transport, also proved very dangerous 
to the native laborers. Among these remedies too, must be 
included Calcium Cyanide. 

This is a product of the ‘"American Cyanamid Company” 
of New York, who utilize the Niagara Falls for the comer 
sion of atmospheric nitrogen into Calcium Cyanide. It is 
supplied in various forms, all of which contain a definite 
percentage of Ca(CN) 2 . 

The greatest advantage of this remedy is that while 
hydrocyanic acid gas (UCN) is still used as the poison, the 
“generator’^ of the gas, i.e. the material from which the gas is 
formed, is itself in a harmless condition at the time it is in- 
serted in the burrow. 

Through the action of the atmospheric humidity which 
is always present in the burrows in sufficient (]iiantity, the 
following reaction is obtained. 

Ca(CN )2 plus 2HT) gives 2 HCN plus Ca(()II):; 

Another exceptional adantage is seen from the following 
comparison: that the formation of the gas leaves behind onl\ 
a completely harmless product: viz.,— slaked lime. 

Below we give the results of a few experiments. Wc 
took two types, namely: the “granular”, having large grains, 
which we inserted into the burrow by means of a long-handleii 
spoon; the “A” Dust, a very fine powder that is blown into the 
burrow by means of a “Duster.” 

The granular material was used, among other places, at 
the “Soerawinangoen”. On March 29th tests were made m 
my presence. Our first purpose was to determine the propei 
dose and the rapidity of the effects. A number of rats were 
brought together in a pit two feet deep, comprising I Fill- 
grown, five half-grown, and ten very young ones. In this pit 
about 1 gram of the cyanide was placed. 

The full-grown rat died within one minute, the hall- 
grown were unconscious and in convulsions, the young une^ 



4-111 


were frolicking gayly. After five minutes’ time the half- 
irrown ones had also perished, and the young fellows just 
unconscious. Then 1 more gram was added and within ten 
minutes’ time the whole lot were dead. 

The older the rats, as was found likewise by further ex- 
periment, the sooner they perished. .Moreover it was found 
that the unconscious animals even if immediately carried into 
the fresh air did not recover. They die without recovering 
consciousness, and in the throes of severe convulsions particu- 
iarly of the respiratory organs, without a chance to survive. 

In further experiments three grams of evanide were 
placed in a burrow by means of a small Z.A-spoon, the open- 
ing was then slightly covered with earth, and after a few 
minutes the burrow was dug out. The kill in all cases proved 
to be complete. Only once did a full-grown rat succeed 
in escaping through another outlet but only to fall to the 
ground where after going through the above described con- 
vulsions, it finally died. Sometimes it turned out that the 
burrow was infested by a snake instead of tbe rats. These 
were found dead also. 

The other material, the “A” Dust, was used in experi- 
ments at “Kadipaten”, using a duster like the one used in 
Australia for the control of rabbits. This apparatus, a "dus- 
ter” 90-called, was sent to me by the firm of Buzacott & Co. 
Ltd. of Sydney, and works very well, measuring automati- 
cally the required quantity for each hurrenv. 'I'his apparatus 
is not however cjuitc adapted to our needs. It is too large to 
be carried through our cancfields or to be borne by a single 
coolie. Moreover its construction docs not seem to be strong 
enough to withstand the treatment it receives at the hands of 
our coolies. The plan of another apparatus is being drawn 
up by us at the present time. 

Lurther it appeared to me at the time of my visit on 
-April 28th that the effect was much faster and again the kill 
was complete. 'Lhe application is however somewhat more 
‘iifficult. 

At both plantations the holes were traced by dogs which 
had been used by these companies for rat hunting. At the 
'Tfuing of one of the burrows that had been treated with the 
vjranular”, a dog came near, sniffing at the burrow, and was 
brought to only with the greatest difficulty. In the “A”-Dust” 
^■'^periments, a dog that was just as careless dropped dead 
miinediately. 
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Wc mention this in order to point out the great danger 
involved in opening the hole or burrow too soon. The coohe? 
particularly are prone to this error, because they cannot realize 
how so small a ijuantity of the powder can have so deadly an 
effect. They wish to convince themselves immediately of 
the miracle wrought and are even more careless about it than 
the dogs, 

I will sum up the advantages as follows: 

I. 'bhe exceptional simplicity of application, partic- 
ularlv of the “(jranular’' form. 

II. The very rapid and unfailing effectixeness. 

III. I lie small cost because ol small dosages; nearly 
no transportation expenses, no loss of time provided the 
Ripening of the burrows is forbidden. 

W. The dosing powder is harmless when being used, 
except when in contact with open wounds when it is ver\ 
poisonous. 

V. The dangerous hydrocyanic acid gas is generated 
underground. 

\d. d'he only residue is harmless slakeddime. 

When its application is properly organized, there are no 
disadvantages connected with this method. 'The possible 
dangers may be easily avoided as tliey exist or occur through 
carelessness. 

It must be observed that during the damp season the 
containers holding the cyanide must be tightly shut, — whether 
stationary or in transport. VVdien using the '‘Granular’' it is 
necessary to work (]uickly. The containers must be kept open 
as little as possible. When it rains, its use should be altogether 
forbidden. 

Another danger, at stated, lurks in too early an opening 
of the burrows. In my opinion, no good comes of this and it 
should absolutely be forbidden. I have already suggested 
this, but the answer was made me that the coolie cannot be 
restrained or controlled. This is (]uitc true but the degree ol 
exactness with which this control is carried out does not com- 
pensate, to my mind, for the enormous loss of time consuim d 
by opening the burrows. 

A coolie, who has nothing more to do than to poison the 
holes, which he has located with the assistance of a dog, ;u- 
complishes much more than a group of three or four coolies 
who must dig up every burrow (after at least 10 minutes 
watching) and then close it again. 
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We mention this in order to point out the great d.ingcr 
involved in opening the hole or burrow too soon. The coolies 
particularly are prone to this error, because they cannot realize 
liow so small a (juantity of the powder can have so deadly ;in 
ctYect. They wish to convince themselves immediately of 
the miracle wrought and are even more careless about it than 
the dogs. 

I will sum up the advantages as follows: 

I. d'he exceptional simplicity of application, partic 
ularly of the ‘Tjranular” form. 

II. The very rapid and unfailing effecti\'eness. 

III. The small cost because of small dosages: nearly 
no transportation expenses, no loss of time pro\4ded the 
opening of the burrows is forbidden. 

\\\ The dosing powder is harmless when being used, 
except when in c'ontact with open wounds when it is very 
poisonous. 

Vh The dangerous hydrocyanic acid gas is generated 
undergrou nd. 

V'l. 'riie only resiilue is harmless slaked-lime. 

When its application is properly organized, there are no 
disadvantages connected with this method. d'he possible 
dangers may be easily avoided as they exist or occur through 
carelessness. 

It must be observed that during the damp season the 
containers holding the cyanide must be tightly shut, whether 
stationary or in transport. When using the ‘'(jranular ' it is 
necessary to work cpjickly. The containers must be kept open 
as little as possible. When it rains, its use should be altogether 
forbidden. 

Another danger, at stated, lurks in too early an opening 
of the burrows. In my opinion, no good comes of this and it 
should absolutely be forbidden. I have already suggested 
this, but the answer was made me that the coolie cannot he 
restrained or controlled. This is (juite true but the degree ot 
exactness with which this control is carried out does not com- 
pensate, to my mind, for the enormous loss of time consumed 
by opening the burrows. 

A coolie, who has nothing more to do than to poison the 
holes, which he has located with the assistance of a dog, m- 
complishes much more than a group of three or four coolies 
who must dig up every burrow (after at least 10 minutes 
watching) and then close it again. 



The latter method does not only cost many times the first 
but it has the further disadvantage that every day there is 
a smaller area treated, with the result that after much longer 
periods you have to return to the same grounds. 

In my opinion, rat control should be so organized that 
tile company distributes over the whole area a suflicient num- 
ber of “Cyanogas’’ coolies so that each coolie will at least once 
everv two months return, within his territory, to anv given 
spot. These men have nothing else to do than to hunt up 
the burrows within their territory with the assistance of a dog, 
to insert the cyanide in each of these burrows and then to 
close them at the top. d'hey must not limit their search to the 
canelields alone, but must look everywhere, including rice 
lields, etc. 

It goes without saying that when employing manv coolies 
the cost of each rat destroyed is almost nothing because there 
are such tremendous numbers killed. It is therefore self- 
evident that as the number of survivors decreases, the cost per 
rat kill increases, considerably. The greater the eost becomes, 
that is, the fewer rats killed, the more effective is the control 
obtained. 

b.N'erybody agrees that this is theoretically correct but 
that in practice a reasonable ratio must be maintained between 
llie control expenses and the cost per rat destroyed. If prac- 
tically no more rats are being caught, the work is not aban- 
doned, but the “C'yanogas" staff is proportionately reduced in 
'naler to attain the suggested ratio. 

It is clear that also for this purpose a certain supervision 
liuist he kept. The coolies should therefore be subject to 
<^hecking up at irregular intervals, while every now and then 
the burrows mav be opened, in order to get an idea of the 
number of rats still living. 

Above all things it must be remembered never to com- 
pletely suspend control operations, even when practically no 
more rats are noticeable, nor should this control be restricted 
to the eane fields alone. A control of the kind here described 
vrould therefore be of great advantage to the native inhabi- 
tants. In these countries the population also view this very 
favorably, and I consider it verv likely that they would be 
willing to use any material that the factories would offer 
them for the purpose. 1 therefore judge, without entering 
■^to details, that it would in manv cases be possible to come 
fo an understanding with the population, so that the eontrol 
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of this coininon enemy will not entail too heavy an expense 
for the factory. 

Further it should be mentioned that this cyanide destroys 
all animal life, yet does not injure the plant in the least. 
Therefore this remedy may be successfully used for ‘‘white 
eo'ub” and termite playi^ues. In countries usini; “white labor’' 
they go still further, using it for harmful animal pests above- 
ground like aphids, caterpillars, etc. but it appears to the 
^vriter to be ad\isable then to use gas masks with a basic 
nickel-carbonate of sodium-sulphate. 

As regards the “white-grub’' plague, we shall gladiv 
supply further information, d'he “Cyanogas’’ products of the 
American CAanamid Company are not yet obtainable in Java. 
However on successful completion of our experiments, the 
International Credieten f landelsvereeninging “Rotterdam" 
was appointed by the manufacturers as their Ja\'a Agent. 

Histrict of Cheribon, June 1926. 

Issued ( )(’tt)I)ei' 25. 
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ItXPKHlMKNTS IN THR CON IROI. ()!< 

ScAVHNXJRR Ti-;rmitks in India and (^ra ron 
By Mi-:ans or Calcium Ga anidi-; 

l!y 

VV. H. Hrittain, IMi.l). 

As ;i ii:roup termites are amon^e; the most ubi(]uitous and 
destructi\'e of all tropical pests. 'Their keen appetite for 
cellulose makes them especially dreaded by the builder and 
the number of products placed on the market for the purpose 
cf renderiiyi; timber “termite prooT\ testifies to the extent and 
importance of their ravai^es. Certain species attack the livin;.; 
tissues ol herbaceous plants, while others burrow in the li\'init; 
woo'd of trees and shrubs. ICxamples of the latter arc (Uilo- 
miliians aivd C'i!olennrs (lihilalus, well known a.nd 
dcsfructl\ e pests of tea in C'eylon. In addition to the foreii;.)inii; 
there are various species of scavcn,e;er termites that are indi- 
reetly a cause of considerable trouble and annoyance. 'The 
piesence ol their unsi!e;htly mounds in pri\ate or public 
yo'ouiids and i^ardens is t^reatly abhorred and interferes with 
the culri\ iUion of useful or ornamental plants. 'I'heir mounds 
:in! tunnels upon golf greens, race courses, cricket lields, 
meadows, etc., interferes with the activities carried out in 
such situations and, in some cases, their undermining tunnels 
render the grounds (juite unsafe for riding purposes, especially 
during the rains. \\A‘ have also known the activities of these 
insects to render impossible the use of horse machinery on 
f-ully infested fields. In mud-floored warehouses or godowns 
erected for the temporary storage of such a product as jute, 
di.:y fre(]uently cause great havoc. 

1 he destruction of the termite colony, which is necessar\ 
t^aflect permanent suppression, is attended with a number of 
^blliiulties. The irnge numbers of distinct fungus garviens 
present in the larger colonies, the large number and small s /e 
'd the communicating tunnels, the habit the insects lone ol 
^tupping yp tunnels when the colonies are disturbed, 

combine to render the successful treatment of the termite 
a problem of some comple.xitv. NatiNC gardeners and 
'^'>*dies ha\'e their own ways of dealing with such problems 
‘•jid do not take kindly to methods involving the use of ma- 
^ lincry, Imwever simple. Digging out the nests and destroying 
(]uecns is the method commonly resorted to on goll links, 
Ptiblic grounds, and estates. Sometimes a premium is paid for 
‘ pueen destroyed and little, if anv, attention is paid to 
brood. 
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This laborious and expensive method may appear to he 
successful for a time, especially if done during the drv 
weather, but as the soil is very hard and dry at that time, this 
is rarely possible. It usually happens that a large proportion 
of colonies so treated soon spring up again as the production 
of “substitute (jueens” within the colony enables the insects to 
establish it anew. During the rains we have repeatedly ol)- 
served that such colonics spring up again in the newly turned 
earth, within a week or two of the destruction of the c|uccns, 
though it may take some time for a mound that has been the 
work of years to attain its original dimensions. 

Various materials have been recommended for the dc' 
struction of these pests under the conditions described and 
machines have been devised for the express purpose of pump- 
ing various gases into the nests of the termites. None of these 
have been more than partially successful and most of them 
have proved to be too cumbersome or complicated for use hv 
the ordinary coolie. The result has been that after a few trials 
they have been discarded and the old method of digging out 
the (]ueens resorted to. The success of the “Cyanogas” method 
in dealing with other burrowing animals and the simplicity 
of the method of application, suggested the possibility of its 
use in connection with the control of mound-building termites 
and the following is an account of a number of preliminary 
experiments undertaken in India and Ceylon. 

Kxpkrimf.xts at Dacca, Rknajal 

A few preliminary experiments were undertaken at 
Dacca, Bengal through the courtesy of Mr. R. S. Finlow, 
Director of Agriculture and Mr. P. C. Sen, Kntomologicai 
Assistant. The colonies treated were situated partly on (Ik* 
golf greens or tennis courts and partly in and about a jute 
godown or warehouse, where the activities of the insect not 
only interfered with operations., but also resulted in loss of the 
baled jute from the insects feeding upon it. 

The method followed was to insert the delivery tube oi 
the pump into a number of the main tunnels in succession, 
pumping until it appeared that the area was sufficientlv 
“gassed.” Soon after pumping started the dust would b^' 
seen issuing from a number of openings which were then closed 
with wet earth. After completing one opening another wns 
opened at another place and the process repeated until the 
colony had been treated from all sides. The results, which 
set forth in the accompanying table (No. 1) indicate that 
under the existing conditions and amounts used the treatment^ 
were, on the whole, quite successful. 
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1 {.\] >(.‘1*111 iciits 111 the 1 )cst 1 net loll of \\ hil(‘ Ants ( / criiics ohesus .' ) with 
('yaiioLtas C'alc’uni (Aaiiide “A” Dust A|)])h(‘(l with 
A Small ( vaiio^as Ihinij). 


Locality ; --Deeea, Lwiii^uil 
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_ 

Nu. of 

Approx. '< 



|)o-r 

( )];(• JllK 

T’.c.ecO 

1 of liroo'l 



It: ( )y. 

Killo.l 

Oi l I f ‘11 

Kim akkv 

2 

1 



Small iiiDund ikU n]);n.‘d: iin sjon ,,i life; 
under o|)^(Tvati!.n. 

s 

d 



Xot opened; no lite; miniml e )vrri;ie 

dx5 ft. 

Id 

4 



Xot opened: no si.mi of lili'. mound 5xd 
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D 

d 



Xot opened: no >ipn ol liU', numnd 
4xd h. 

14 

0 

lOOL 

dead 

5x7 It. mound, 4 Niilistilnte (|ueens aLo 
killed. 

14 

7 

08' y 

dead 

Similar t«i ah(i\r. 

15 

5 

80'^ 

alivi' 

() X d ft: situatrd in lirdec and hard to 
treat. 

15 

5 



.\ot op'. iieil : no sii>!i n! life, mound 
f>x5 ft. 

h. 

0 

looyt 

<li‘a<l 

.Mound eoveiin.i; 7x5 ft. 

L. 

s 

08'd 

dead 

Out door mound, coverin,:.: 4x6 ft. of 
s»nmnd sjiace. 

li) 

4 

ooyt 
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In LU’down coverini; 5x4 It. 

10 

0 
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d.S 

5 

50% 
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Mound 7xd ft. hadly ddiu* In c >ohes 
not under supervision of experimnter. 

di 

0 


Xdt found 

In ^odnwii coverin.u 8x3 ft. 

) 

0 

00% 

dead 

In Ljodown covering 12x4 it. ot svace. 
DiK'eii at 4' .,> It. 

40 

() 

0()'V 

dea.l 

In .^odinvn covering 7x4 it. 

40 

() 

100% 

dead 

.Mound in ^odown eoverinp 6x5 It. 
Oneen at 4 ft. 

45 

7 

08' ; 

dead 

In .liodown covering 15x8 tl. 

4.S 

7 

00% 

alive 

Ahtund in i;odo\vn coveriicu h)x8 it. 
Oneen cliamher nas under a jiiece of 
stone tl(»orin.u at 2' .• ft. and well pro- 





tectixl in a cavity <*f the stone: in all 
other places brood killed. 

4.S 

7 

00%, 

dead 

In tit)down covering lf)x6 it. 


Ill .uodowii. l-a'^r irroi^ular iinund. iiart- 
Iv covorod by jute and hard to reach, not 
(ijHMied. Xo si^ui of life 2 months after 
treatnieiit. 
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Kxperimknts at Poona, Bom hay Pres. 

Tests were carried out at Poona under the direction of 
F^rof. 'P. N. [haveri, L. Ag., usinj^ material and apparatus 
supplied by the writer. 'Phe tests were made durinjj; the div 
weather, and, as only a partial control was secured, the results 
were by no means satisfactory. Later, other tests were made 
under the personal direction of the writer, the work beint; 
performed at the commencement of the rains. 'Phe results 
which were checked and forwarded to the writer bv one of 
Prof. Jhaveri’s staff were attain unsatisfactory, several of the 
(|ueens and a large percentage of the brood of the treated 
colonics having escaped destruction In view of the much 
more satisfactory results obtained elsewhere, it is evident that 
the relation of soil moisture and other factors affecting results 
should be made the subject of special study. 



1. — A|)])lyii)i^^ eVanoi^as for tiic ( ontrol of 1\TniitPS Infpsliny 
a Jute (iodovvM. Dacca, ItcniL^al, India. 


l^XPEKIMEXTS AT FeRADENIVA, CEVLOX 

"J'hc experiments in Ceylon were carried out after tlie 
rains had already started and the soil was in all cases well 
saturated with moisture. Frequent rains occurred during the 
course of the operations and the insects were active on the 
surface at all times. Fhe first series were performed on the 
golf links and only comparatively large colonies were trcateii, 
and those of as nearly an etjual size as could be secured. 

Three different points were considered in this series: 

1. The foot pump vs. the spoon method. 

2. Introduction of the material through a single op< n 
ing as compared with its introduction through t\o) 
or more openings. 
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Difliculty was experienced in connection with the use 
of the foot pumps, which, not ori< 4 inally adapted for use in 
the hot, humid climate of Ceylon, soon bettan to give trouble 
and hnally went out of commission altogethc'r. d'he results 
in this series, therefore do not represent the results that might 
be expected from the new style foot pumps, which gi\e a nor 
inal pressure. 


SERIES I 

d'he results obtainecl are set forth in the accompanving 
table (No. 11). In order to gain a rough idea of the size aivd 
extent of the different mounds their greatest length and width 
is given in each case. 

T.\l’>Lt: X(». 11 

l'egK*riiiic‘iils in the 1 )estri]'.‘iioii of Tc‘rinites with ( aleiiini Cvanide 

ill ( evloii. 

Localilv: Peradeiiiva, ('e\lnn. 

Date; May. 

( yaiiogas hoot- 1 ’iin)|) used exeegt wheia* states! otherwise'. 

Species of 'reniiites: Odoulolrrinrs ohscurict'j'S, W’aslnn. and 
Odontoh'iiiu's rnii'iiKiniii, W ashiii. 

.\m. ..1 hoU-s 

Ihi'diiKli ' I -I 
UnMiU'.' which HummI 

Spcc’cs itiO/. Apiilicil Killed (Jiiccii Rimakks 



a 

a 

75 

alive 

Xe^t 12 X 10 ft. 


4 

1 

75 

(lead 

Nest 6x6 ft. 


8 

1 

na 

(lead 

Xe.l 0x7 ft. 


8 

1 


dead 

Nest 8x6 ft. 


8 

2 

100 

dead 

Nest 7x8 ft. 


4 

1 

( k 5 

dead 

XX'st 5x0 ft. 


4 

1 

00 

dead 

Nest 8x5 ft. 


4 

1 

05 

alive 

Nest (Sivcrinit sp.ace id' 8\12 it. Oueca 
protirted l»v houlder. 


4 

1 

100 

de.id 

XeM 0x8 ft. 


4 

) 

50 

alive 

Xe.st 8x8 It. 


4 

2 

00 

dead 

Xest 0x8 fl. 


4 

4 

40 

alive 

Applied with a '.])»! ai. Xe^t 8x0 ti. 


4 

4 

0<) 

alive 

Xest 8x5 ft. (jiu'.'ii la'nteeled I>y lar,L;e 
ll.it stone. 


8 

1 

65 

alive 

Xest 18x0 ft. 

y 

8 

1 

05 

alive 

Xest 12x8 fl. a larue boulders blocked 
\va\' to (|neen ebainber. 


8 

1 

loa 

dead 

Xest 8x5 ft. 


8 

4 

50 

alive 

Xest 15x8 ft. SpoiMi Used. 


8 

4 

50 

alive 

Xest 10x1,2, ft. Ai)i)lied with sj)oou. 


lo 

4 

‘)0 

dead 

Xest 15x8 ft. witb larite chimneys 5 ft. 
lii.iib. 
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Disci ssion of Rksi lts 

It is difficult to make useful comparisons between the 
results secured from colonies differing in size, f{)rm, clsir 
acter of nest, and nature of the ground. Nevertheless, certain 
facts appear clear. The use of the foot pump evidently in 
creases the efficiency of the treatment, as does the introduction 
of the dust into the greater number of burrows, other factors 
being eijual. It would also appear that in the treatment of 
such large nests, less than one half pound of material is 
usually inadcciuatc. 


SERIES II 

In this scries is a continuation of Scries I, in this case the 
application by means of a spoon being entirely abandoned, 
and a ‘T'yclone” duster, used in crop dusting, being used in 
the absence of a foot pump. The amount of material used was 
such as our former experiences indicated would be adecjuatc. 
'The results are indicated in the following table (No. 111). 


'rAP»Lh: Xo. Ml 

INperiniciUs in the I )(*slriiction of 4'i‘rniiles witli (.'ak'iuni ( '\ani(k‘ 

Localitv; I Vnaidoniya, ( Vvlon. hXjKn'inHMitcr : W . I 1 . 1 tritlaiii. 

liate: ^lay, 1‘I20. Method: ( ycdoiu* Miisler. 

.S|)cci(‘s of Tcniiile; Odontolcnucs rciiniiaum, W asiini. 


No. of h..les 
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Royal diamlxT iindi-r laryi' Oour, 
W'st cH X 12 ft. 
f» X K tl. 

5 X 5 ft. 

7 X 12 ft. 

8 X 9 ft. 

8 X 5 ft, 

10 X 7 ft. 

8 X 11 ft. 


Disci ssion oi' Ri'sci.rs 


a'hc results here are such as to indicate that the metliuil 
and amounts used in treating nests i)f this size is satisfactoi v. 
Jt is never never possible to destroy all colonies entirely, o 
certain physical features sometimes prevent complete pciH' 
tration but the average control secured here is good. 
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SERIES III 

KXI’KRIMEXTS 1\ CONTROI. OF Odontolcrmcs rclcmauni 

With Calcicm Cvaxidf 

'I'hcse experiments were carried out in the Royal Botanic 
(Jardens, l^eradeniya, in co-operation with the curator. 

The conditions here were peculiar and by no means 
typical. The <rrass being cut at regular intervals’ the mounds 
are being constantly rolled out flat, so that the insects are 
driven to continue their activity below the ground. A small 
bare spot on the surface often denoted an extensive system 
below ground. 

'I'he method adopted in treating this area was the same as 
in other cases, the dust being pumped into a number of bur- 
rows in all but tbe smallest nests and openings stopped with 
datnp earth. Owing to the conditions described, it was dif 
bcult to detect all the main connections and it is more than 
likelv that some were missed 

d’he ^i>;rcen bcin^i^ almost entirely undermined by the in- 
sects it would have ruined the turf to di^ out all the nests and 
so another method of eheekin<^ the results had to be adopted. 

Twice the treated area was gone over and any renewed 
activity noted, the second occasion being just before the next 
mowing of the grass necessitating the removal of the stakes to 
mark the treated colonies. 

Not only were the mounds, or rather the sites of the for- 
mer mounds examined externally, but each of them was dug 
'nto with the digging tool in an effort to detect any signs of 
renewed activity. 

1 he results of our examinations are indicated in the 
‘H'companying table (No. IV^), the absence of activity on the 
part of the insects being indicated bv an X in the appropriate 
^'*^lt!mn, doubtful cases being indicated bv an interrogation 
mark. 


Disci ssion of Rfsi lts 

1 here was only a single definite case of renewal and that 
one small spot in the large nest around the Bo-d ree 
)\hich was quickly retreated with a few strokes of the pump. 

here were two other cases where small mounds had appeared 
l^^idway between two treated colonies. They m:iy have been 
■oni 011^. otht^r of the treated mounds or they may have 
new colonies. It would be difficult to say. They also 
treated by a few strokes of the pump and neither showed 
further activitv. 
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TAHLI': Xo. IV 

I^xptM'iir.ent in thn C ontrol of Odoutatcnucs vcdcniaiuii, W asliio. witli 
Calcium Cyanide 

Locality: Royal Lotanic (ianlcns. Laradeniya, C'cvloii. 

Date: May 1 - 10 , L>J 0 . Duster: Cvanos^as Id)ot Lumi* ( Siinii ) 

Date Checked: June 10 - 1 A 


Xo. of 

I'Xpt. 

1 )<ISC 

in ()/. 

Xo. HuUs 

whit'll 

l)n!iip(.'<l 

Si^Mis of 
KtMirwfil 
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C'OXCIA'SIOX 


The foregoin^f experiments indieate that ealeium cyanide 
possesses promise as an insecticide for the species discussed and 
under the condition decribed. Further research may clear up 
the reasons for the cases of failure reported and wider ex- 
perience would doubtless result in a more efficient application 
of the material. Present experience indicates that this method 
can be expected to produce satisfactory results when material 
and foot pump arc kept constantly on hand and used whenever 
new colonies became evident, and that it will give more re- 
liable and permanent results at a lower cost than the older 
method of digging out the nest and destroying the (jiieens. 



I'l."'- 1 cfiiiiti.' .Moiniil I'ixcavatcd After Treatin.c W idi ( yaimyas. 


In attempting to apply this remedy to the control of ter- 
mites it is advisable to proceed only when the ground is satur- 
‘tted with moisture and the termites are active at the surface. 

he exact dosage to be given and the number of points at 
which the material should be introduced depend upon the 
^|ze, f()rm, and general character of the nest and it determina- 
tion will be largely a matter of experience. 

T he general form of the colonics to be treated may vary 
|'>nsiderably. In some cases there is a single, high, more or 
ess upright mound, though it should be noted that there may 
^e fungous gardens well outside the area indicated by the 



4-124 


surface mound, but, nevxTthelcss, the colony is fairly coin- 
pact. In other cases the colony is very diffuse, lar^^e numbers 
of smaller mounds, indicatinj^ the presence of fungous gardens 
beneath, being spread over a considerable area. In the first 
case it will not be necessary to introduce the dust at so many 
points as in the second, though care should be taken to sec that 
those fungous gardens outside the apparent area, as indicated 
by the surface mound, are thoroughly ‘gassed.’ It is in- 
attention to this important detail that results in partial failure. 
In the case of those mounds of the more diffuse type the larger 
the number of fungous gardens into which the dust is direetiv 
placed, the better are the chances of completely exterminat ng 
the colony, d'he best practice is to pump a little dust into 
several of the holes, reserving the main pumping for that 
point which appears to result in the ma.ximum amouni of 
gassing of the entire colony. 
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The Importance of Nest Structdre in the 
Control of Certain South African Termiti<s 
With Gyanocas Calcium C^ anidi< 

liy 

R. Owen Wahl and Adinor R. Powell 
IXTRODl’CTION 

The adaptation of the Cyanogas Calcium Cyanide method 
for the control of termites has been takini^ place in various 
parts of the world simultaneously. In Australia, Jarvis 1 ) 
reports that experiments with calcium cyanide for the control 
of termites, Enleruies veroni, Hill, and Ternies sp., were very 
successful. lie also reports that from 2 to 3 ounces of calcium 
cyanide flakes in a hole made at the top of the termitarium 
and afterwards sealed with wet soil is an effective remedy 
a^L^ainst Coplotcniies m ukk ij ormis , Fro<4g. which is a pest of 
sugarcane (2). In Ceylon, Brittain (3) reports the successful 
control of Odontolernies reJenuinni, Washm. and 0. ohsruri- 
reps, Washm. and a failure to control the tea termites of the 
species Caloiernies julliffiris, Desn. and C. dilafatus, Buignon 
and Popoff. Jepson (4), also of Ceylon, reports that Calo- 
tcnties mililaris, C. dilatntus, and C. (jveeni were not con- 
trolled due to the fact that is was impractical to apply the 
calcium cyanide to the burrows in the tea bushes. Patterson 
(3), working in the Gold Coast, was able to secure but a 30^ 
kill of Macrolermcs helllcosus. In India, Brittain (6) found 
that the common termite found in jute godowns and those 
infesting golf greens could be controlled with Cyanogas Cal- 
eiuni Cyanide A-Dust when applied by means of a duster. 
Bromley (page 3-4) reported that species of Cryptotermes 
infesting furniture in a library in Cuba were killed in the 
furniture during an ordinary house fumigation. Snyder (7) 
•'^‘ports that for the protection of growing plants calcium 
eyanide mixed with the soil at the rate of two ounces per 
^^luare yard may be used but that it should not be placed near 
Bie plants. This work was carried out against species of 
subterranean termites infesting the soil in the southern parts 
the United States. 

hroni these published references it can be seen that the 
of Cyanogas Calcium Cyanide has been tried under vary- 
conditions and with variable results. It would appear 
tmU this material is adapted to the control of those species 
'chich belong to the groups generally referred to as the 
UjoLind-building termites and that in the case of other types 
termites, although the gas is equally toxic, a practical 
application cannot be made. 

^unibcrs refer to literature cited. 
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In order to wipe out a colony it has been considered 
necessary to kill the queen and the entire brood otherwise the 
insects are able to survive and by the replacement of the 
(]ueen are able in a short time to rej^ain their lost numbers. 
In actual practice, however, it has been found that if the 
queen and a better than 80 ' <' kill of the brood be secured that 
the colony will usually die out. To kill the brood it is neces- 
sary that the killing agent used penetrate to the uttermost 
portions of the nest and this fact makes the method of appli- 
cation a prime factor in determining the success of the 
treatment. 

In South Africa there is a wide range of termite species 
and in the preliminary e.xperiments with Cyanogas Calciiini 
Cyanide for the control of termites variable results were 
obtained. The senior author undertook a careful study to 
determine what species could be successfully controlled, those 
which were difficult to control, and to deternvne if possible 
the reason for the failure to control certain species. This 
work has been greatly facilitated by the assistance rendered 
by Claude Fuller, the present Chief Entomologist of the 
Department of Agriculture of the Union of South Africa, 
who for many years has made a special study of termites. He 
has aided by the determination of the species studied and has 
given many helpful suggestions in the best methods to be 
adopted in treating the nests. jVlost of the sketches shown in 
this paper are drawings made from published and unpub- 
lished work of Air. Fuller. Mr. O. |. FIs has assisted in the 
development of the use of the soil auger which metho!l he 
suggested. 

In treating various species and later digging out the nest 
it was apparent that the material was effective when it reached 
all parts of the nest but that in some species in spite of carelul 
application of high dosages it was found that a complete 
distribution of the dust had not been secured. E.xcavatiors 
of such nests indicated that applications had been made to 
galleries which led away from the nest, into air pockets, or 
into blocked chambers. These observation led to the study 
of the construction of the nest by various species and an 
adaptation of the treatment based upon the structure of die 
nest. This paper will deal primarily with the proper appli- 
cation of the Cyanogas to nests of various types of tcndfcs 
since it is felt that some of the species in other countries which 
have been treated unsuccessfully could be treated with success 
should the application of the material be governed by die 
structure of the nest. 
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Ell It' ni I es I ri II t’l v ill s 

III general the mounds of this species represent a simple 
type of nest which is very easy to treat successfully. Two or 
three ounces of Cyanogas Calcium Cyanide A Dust should be 
pumped into several of the large galleries on opposite sides 
of the nest. 'I'he holes arc then closed. In some cases ex- 
cellent results have been secured by breaking into the mound 
and applying the dust directly to the brood chambers and 
then closing the openings. The experiments with this species 
arc included in Table I. 

'r.\i!i.i': I 


i^xperiiiicnts with liuicnucs Irincn'ius 
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Killed 
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Iiidt'don 

7 

3 

lOO'/r 
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Inck’dni] 

8 

2 

100% 
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Inck'ddii 

() 

3 

100'/. 
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M acrolermes nataleusis 

1 he Natal termite, Macroteruics {Tcrnies) nataletisis, 
Hav. is generally distributed over Rhodesia, Natal, Transvaal, 
iiml the Orange Free State. It is also found as far south as 
Kimberly and in the Kalihari. The soldier caste has both 
major and minor types, the latter occurring in greater num- 
hers. They have broad, flat heads which taper toward the 
h)rehead and are equipped for biting with strong, toothless, 
sabre-shaped jaws or manibles. (Fig. 1). The food of this 
T'^ecies is largely confined to grass and wood. They cause 
enormous losses by damaging the flooring in houses and when 
^nitside are particularly destructive to fence posts. The typical 
^^‘^t is usually conical above ground and filled with irregular 
}^eitical galleries which extend down into the main nest. 

fungus gardens, brood chambers, and queen cell are 
UMially found directly beneath the mound but below the 
^^^uface of the soil. Just below the soil surface are many 
niixontal galleries through which food is taken directly into 
^^est. Fig. 2-A). 
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Na»no(it)l<?.s oj" Naci^ou:rM.es iiahalcvisis "* 

I, flajo. . 2. M.Vu.r . Marrofcrwrs hrll,n>sns 

Ki.i;. 1. 


ft will be noted from fif^ure 2 that an attempt to blow 
dust into the main nest throui^h the mass of irregular galleries 
which ramify through the external mound would be very 
difficult if not impossible. The experiments given in Table 
2, show the difficulty in treating through the mound. On the 
other hand it will be noted that the horizontal galleries (b'ie;. 
2-a) offer a direct path to the main nest. l"or this type of nest 
the most effective method is to dig a trench on either side of 
the nest in order to locate and open up the horizontal galleries. 
Two or three ounces of Cyanogas per opening should be blown 
into the galleries from opposite sides of the nest, ddie holes 
should then be closed with moist earth. In addition the 
mound can be broken into and two ounces of the dust be 
blown into several of the larger vertical galleries. When 
treating such a nest it is well to create a thorough draught and 
to close the holes from which the dust is seen to escape. 



-.Vest of Macrofcnucs naUilcnsis. 





T.WWM II 

ExperinuMits with M acrotciiucs uildlmsis. 
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M aero! emit’ 

.V hcllicosus 


XL, croiernics hcUirosus, Siiicath. is confined to the valley 
'd the [vinipopo, the northern part of the Kalihari and practi - 
^‘dly all of l\)rtuguese Kast Africa as far north as the Maputa 
^'iver. This species resembles very closely Macrotermes ua- 
There are two kinds of soldiers present, the major 
‘tnd the minor but in this species the minor soldiers are smaller 
dian those of natalcnsis. They can be easily distina^uished from 
^■‘H’h other by the sculpturing on the frons or forehead (big. 

In bcUicosus there is a long narrow keel or ridge on the 
*^^iddlc of the frons which extends from the frontanella pore to 
front of the head. This ridge is absent in natalensh. The 
Sides of the head are parallel in hellicosns but taper toward 
die forehead in nalah 'tisis. 

In both food habits and nest structure (Fig. 4) the mem- 
'leis of these species are so similar that the same method of 
^i^'Hment can be recommended for each. 
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iMg. 4. — Xest of Macrolcfiiics hrllicosus 13'ikcn in the Transvaal. 

0 (J 0 fit oi e nil e s b a d i u s 

The Insidious termite, Odonlotermes had ms, Hav. is 
widely distributed in the Transvaal and Natal. It also occurs 
in Zululand, the Orange Free State, and at Kentani and Colcs- 
burg in the Cape Province. The soldiers intergrade in size 
from the largest to the smallest, there being no distinct types 
as in M acrotermes hellicosiis and natal etuis. I hey have 
large, strong mandbles which are toothed once, the tooth on 
the right mandible being smaller than the one on the left. 
The upper margin of the mandibular tooth slopes down fr<nn 
the jaw making an obtuse angle with it (Fig. 5). I hese 
soldiers do not bite when disturbed but eject a brown Ihiin 
which serves as a repellant. 

This species is very destructive as it is a voracious feeder 
on all sorts of wood work and also attacks living trees, eating 
the bark from the roots and stems. It works under a clay 
canopy even in the dark and unlike the other species it doe^» 
not tunnel but removes the wood in layers. The typicnl nc^t 
is usually in a shady place and consists externally of nunici'ni^ 
close-set moundlets which are not hard (Fig. 6). Bencat 
each moundlet is a gallery which runs into the main par? 
the nest. When a hadius nest is in a clump of trees the moune 
may closely resemble that of Macrotermes natalensis and ‘ 3 
be treated in the same manner recommended for that spec ies 
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(Fig. 7 ). These, however, are much more difficult to treat 
and great care should be taken in making the application. 

A nest of such simple construction provides an easy access 
to the brood chambers and queen cell. Three or four of the 
largest galleries under the moundlct should be selected and 
two ounces of Cyanogas A Dust blown down each. A better 
distribution of the dust is obtained if the galleries selected be 
on opposite sides of the nest. 'I'he treated openings and any 
others that are visible should be closed immediately. 



(). — Typical Xesl of 
Odoulolcrmcs bad ns 


I'he most effective treatment of this type of nest can be 
made by boring into the main nest by means of a soil auger 
similar to a tree planter but smaller. The auger used in 
South Africa is about 2^’ inches in diameter, with blades six 
inches in length. The position of the main underground 
nest can be easily determined by the position of the mounds. 
In the case of only one mound the hole is drilled on any side 
‘ibout 18 inches to 2 feet away. Where there arc two mounds 
the hole should be drilled 18 inches from the largest mound, 
the side toward the smaller mound. In the case of three 
mounds in the form of a triangle the boring should be made 
IS inches from the largest mound on the side toward the 
smaller mounds in the center of the angle formed by the three 
mounds. Where there are several mounds situated parallel 
with each other the boring should be made about two feet 
f**oni the largest mounds in the direction of the other mounds. 

this case at least two large mounds should be selected. All 
^Tenings so treated should be closed after treatment. 
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TAIU.K III 

I^xpcriiiients with Odonfotmurs hiid'us 
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.\’o very yonnp termites found alive, 

\'ery lar,) 4 e nest about 1 ' > teet tidiii aii' 
face, .\nmerons eomhs of varying ^i/e'^ 
more or less l)loek(‘d all the tunnels lead- 
in, S 4 to main nest resultiii.y in insnUieeiii 
ilust penetration to main nest, l-'ailnre im 
douhlcdlv eausetl tlirou.yh want of pus 
sure in pump. 

d'liis nest fumi.yated on 1st jnl\ and 
opened .\u,y. 15. PrestMiee of e.ii.ns ami 
voun.u' denote failure to kdll tlie ipiec i, 

I'ailed lo kill all termites in portion m 
nest furthest from side where dimt en- 
tered. \\mt 1 fi'et from surface. 

\Cry lar.ye nest af)out 5'..- feet from 'iir- 
faec. .Mthou.uh a few ants louiid iiisiik 
the (pu'eii's Cell Were not aetnall\ deed, 
they wma- ineapal)le of doiny more llian 
kick tlieir leys about feebly, ddieir Ik die- 
were diseok uired. Nest ( peiied tliret' ili\s 
after fumiyalion. 


k'eeny with 
rlust Container 
attaclied 

(► 1 

lot) 

Kil'ed 

k'eeny with 
dust cotitaitier 
attached 

P 2 

1(10 

Kille.l 

Imdefloii 

f» 2 

1(1(1 

Kill(‘d 

Imdcalon 

H 5 

100 

Killed 


\'ei'y small nest, about 1 ' teet lioiii 
surface. 

\\-ry lar.ye nest, about 1 le t I’l m 

surface. 

I’ipe actually enteiaal fun.yus ,yar len, 
top of which was only 1 toot iroiii sut- 
face. (Jneen found Jke feet troiii ^n^l.lce. 

Wtv larye nest about 5 Del if' 

sur face. 
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(Fig. 7). These, however, are much more difficult to treat 
and great care should he taken in making the application. 

A nest of such simple construction provides an easy access 
to the brood chambers and (]ueen cell. Three or four of the 
largest galleries under the moundlet should be selected and 
two ounces of Cyantigas -A Dust blown down each. A better 
distribution of the dust is obtained if the galleries selected be 
on opposite sides of the nest. The treated openings and any 
others that are visible should be closed immediately. 


W' 





Imu. 5. Odonlotcnucs hadius. 



(». — Tv])ical X(‘sl ot 

( )dt)lll()li'nil('S luid'.liS 


The most effective treatment of this type of nest can be 
made by boring into the main nest by means of a soil auger 
similar to a tree planter but smaller. The auger used in 
boiith z\frica is about 21 /^ inches in diameter, with blades six 
inches in length. The position of the main underground 
nest can be easily determined by the position of the mounds. 
In the case of only one mound the hole is drilled on any side 
‘^bout 18 inches to 2 feet away. Where there are two mounds 
die hole should be drilled 18 inches from the largest mound, 
the side toward the smaller mound. In the case of three 
mounds in the form of a triangle the boring should be made 
inches from the largest mound on the side toward the 
^nialler mounds in the center of the angle formed by the three 
mounds. Where there are several mounds situated parallel 
with each other the boring should be made about two feet 
fr()m the largest mounds in the direction of the other mounds, 
lo this case at least two large mounds should be selected. All 
•openings so treated should be closed after treatment. 
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'IWP.LK III 

Mxpcrinicnts with Odonlolciiucs had.us 


Dose 

rump in 

rseh Ozs. 

Xo. of '’p of 
'I'leateil Swarni 
()peniti,es Killed 

( )m'( 11 

Inclcalon S 

d About 50 

? 

b'eeny with 
dust container 
attacliecl X 


70 

Killed 

I'eeny with 
dust Container 
attached (> 

) 

70 

Alive 

|•"een\ with 
dust Container 
attached d 

> 

75 

Not 

found 

h'ei-ny with 
dust container 
attached h 

1 

'id 

Kil'ed 

h'ei'n\ with 
dust c< mtainer 
attached 7 

> 


Killed 

h'eeny uith 
(hist container 
attached 6 

1 

lot) 

Kil'ed 

h'eeny w ith 
dust Container 
attached 0 

d 

l(i:) 

Killed 

Incledoii h 


100 

Killed 

Incledoii 8 


KK.) 

Killed 


KkM AKKS 


hari>i‘St nest bin’ll around small ilintn 
hiislics. Impossible to o])c“n iij) wiuiK 
nest owiiiR to bushes. 

Nest with lar;.ie siirfaee area and cnii- 
tainin.t*' tour fmi.mis ^^ardcas. I )i]si pnu 
trate(l main fnn.mis nnrden and oiu' other 
d'wo small sniiplementary .uardeiis im 
t(»iielied, (AY'/o of snr\’ivors were solilie'v, 
No very yonni; termiti'S found ali\r. 

\’ery lar.ne nest alioiit 2'h fech fnan >in 
face. Xumerons combs of varying si/ts 
nna'e or less blocked all the tiinneb Irah- 
in, 14 ' to main nest result in, n in iiisunic.'eni 
(Inst penetration to main nest, h'ailnrc nii 
doub(edI\ cansfd tbroiynb want of piT'- 
sure in janni). 

'I'bis nest fnmi,Ltated on 1st July siid 
oj)ened .\n,y. l.k Pi’eseiice ot e.L’.u^ and 
Nonii,!.'' denote failure to kill the (iiucn. 

l-'aikal to kill all termites in portion m 
nest furthest from side where dmt eii- 
teretl.' \e>t 2 teet from surface. 

\’ery lar.ee nest about 2' ,.- feid from ^^lr- 
face. .Mtboii.ub a few ants found inside 
tile (Hieeil’s cell were n<tt aetnall,\ d'ead, 
tbe\ were incai>al)le of doiii.n more lliaii 
kick their le,us about fi-ebl>'. 'I'lieii Im dies 
were discoloured. Nest opened three d.!\s 
after fniiiiyatioii. 

\'er}- small nest, al)ont 1 ' leel itoiii 
surface. 


Very lar.ye nest, about 1 teel H' ni 
snr lac(“. 


I’ipe actiiall\ entered fnn.piis .nar 'em l a' 
top of which was only 1 foot from 
lac'c. (jnetm found 2)2 feet Iroin siirt.icr. 

X'ery larpe nest about d leel 
surface. 


Ida an 
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0 (1 0 n tote r m es t ra n svaa Ic n s is 

The Chimney Maker, Odontoternics (ran svaa Ini sis, is 
found principally in the Transvaal at the Pienaars River, 
I'op^netersrust, Brits, Warmbaths, DeWildt, Klcrksdorp, Pot- 
chefstroom, and Christiana. In Bechuanaland it is found at 
Vryburg. This is not a particularly destructive species as far 
as economic woods are concerned but it is a great nuisance in 
cultivated areas due to the caving in of the nests in wet 
weather. The soldiers are uniform in size and smaller than 
Odoniolernies hadius which they resemble closelv. The main 
difference is in the fact that the right mandibular tooth is 
etjual in size to the left in this species and not in hadiiis. ddie 
upper margin of the mandibular tooth is at right angles to the 
jaw in this species (Fig. 8). The workers and soldiers may 
be found together in the funnel shaped galleries above the 
surface, the soldiers being somewhat larger. 



ld,a'- -Nest ot Odoiifofrniics IhkHus in a lo,e. Odoutotcnucs 
( lunip of Trees. Irtiiisnndrnsis. 

I he external nest cofisists of a number of slender funnels 
irregular shape and height which taper from the base to 
the top, the opening being about an inch in diameter (Fig. 9). 
In summer during the rainv season the chimneys or funnels 
nsually have somewhat wider tops. The galleries from these 
chimneys as a rule lead directly to the main part of the nest 
^vhere the brood chambers and (|ucen cell are situated. I he 
'^^‘^ts may extend into the irround to as great a depth as 
feet. 

To treat this type of a nest select one of the largest funnels 
the main applfcation. Before treating this opening blow 
f'vo or three ounces of Cyanogas A- Dust down each of the 
‘^fher chimneys and close with wet earth. Treat the main 
^T^aiing by continually pumping for some time after the 
t usage has been applied in order to set up a circulation which 
^^’•11 carry the dust itself to all parts of the nest. When treat- 
is finished the entrance should be closed. 
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Nests (3f 0. Iransvaalensis can be very successfully treated 
by locating the main nest by means of a soil auger and using 
the method described for the treatment of Termes latericius 



Ternies latericius 

The Pit and Funnel Maker Termite, I'eruies latericius, 
Hav. is found throughout Natal and in the Transvaal at Bar- 
berton, DeWildt, Pretoria, Groot Marico, Louis Trichardt, 
Narboomspruit, Pietersburg, Warmbath, and Johannesbur^c 
The soldier caste members are uniform in size and fairly 
small, being no larger than the workers. Their heads how- 
ever, are typically narrower and they are equipped for 
defense with fine, slender mandibles. (Fig. 10). The left 
mandible only has a fine, sharp tooth which is near the tip 
directed forward. In one variety of this species the soldiers 
are relatively larger than the workers but are still small when 
compared to Odontotermes hadius. 

The feeding habits and external nest are similar to those 
of Odontotermes transvaalensis. It is a great pest of lawns 
where it mows down the grass and disfigures the surface by 
erecting clay canopies under which it works. The external 
nest consists of a number of chimneys of varying hei.i^hts 
which as a rule are not so slender and taper less than do those 
of iransvaalensis. The opening at the top is usually larger, 
being about three inches in diameter. The galleries 
these chimneys do not run directly into the main nest but open 
into large chambers whose function is not quite clear but it is 
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thought that they are concerned with the aeration of the nest. 
(Fig. II). During the mating season ( Dec. -Jan.) the workers 
make large, oval, slanting runways direct to the surface from 
the nest to enable the fliers to escape easily, d'hese galleries 
are open at the surface only when the lliers are on the move 
but can easily be located by scratching around the chimneys. 
In this species the soldiers are not found in the chimneys with 
the workers as in the case with 0. Iransvaalcusis, 



oj" T (afericlu-s . 
Id-. 10. 



h'i-. 11. Xc.st of Tcniu'S lalrriiius. 

X()t(‘ 1 ( )|:cMi C avities Xol Directly ( oniieited to Xcst. 
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In treating these nests with Cyanogas Calcium Cyanide, 
pumping the dust down the chimneys has generally given 
but poor results. The best method is to make application to 
the flier exits during the mating season. (B. of Fig. II). Near 
the surface these openings are very small but on digging down 
for a short distance they open up more. Two or three oiinees 
of Cyanogas A-Dust should be blown down several galleries 
on opposite sides of the nest. 'Fhe pumping should continue 
for some time after the dosage has been discharged and the 
hole closed after treatment. The external size of the nest 
should be taken as a guide to how many openings should be 
located and treated and how great a (juantity of dust should 
be used. 

A second method of treating T. Intericius consists of lirst 
pouring a little water down each chimney and then throwing 
in two or three ounces of Cyanogas. The chimney should 
then be sealed with mud for several days. 

A third method is the use of a soil auger, somewhat after 
the fashion of the method used for 0. hadiiis. Before at- 
tempting drilling operations make a good survey of the 
number of chimneys; their sizes and the different positions at 
which they are situated. This done the largest chimney is 
selected, as this funnel, although never situated directly over 
the nest, is invariably about eighteen inches or two feet away 
from it. In the event of three chimneys being encountered 
in a triangular shape two will be smaller than a third. When 
treating, pierce holes about 18 inches to two feet away from 
the main chimney in a straight line with the smaller chininevs. 
The possibility is that during the drilling operations ot the 
first hole, the auger will pierce the nest, indicated by the 
auger dropping suddenly into space as it pierces the brood- 
chamber. When this happen the auger is withdrawn and 
Cyanogas is blown down the hole drilled, which is then scaled 
with mud. 

In the case of a small nest consisting of only two or three 
chimneys, it is unnecessary to drill more than one hole into 
the nest, but if the nest is large it is advisable to pierce the 
brood chamber from at least two points and blow dust 
each hole to obtain good results. When a nest with twelve 
or more funnels is encountered two or three holes bored nioie 
or less in the center or the figure formed by joining the live 
largest chimneys, should pierce the nest. 
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TWA.E IV 

|^x])erinients with Tcniu's hitcririus 


Oo-^C No. "f "r of 
ill 'I'lcatcii Urood 
O/s. OpciiiiiM^ KilKal Oiiccn 


Ul M A 


Small lu sl i'<iiiii(l f> II. iidin Mirfaci'. This 
iR'sl (lii.u up ahniil si.\ iiiDiiths a.un- (Jiiron 


|■’(■cny with 



Not 

found 

, 1 , 1 st container 
attached 

f» 2 

[)% 

do. 

6 2 


.\livc 

liiclcdoii 

S 2 

I'r 

Alive 


liicledoii 

X 

) 

4()Vv 

.Alive 

liicledi 11 

8 

3 

5()"r 

.\live 


Inclediiii 

X 


75V^- 

.\live 

liicledon 

7 

1 


Killed 


lucK'doii X 

2 

lOtKb 

Killed 

luclcfKii f, 

7 

l()07e 

Killed 

Inclcdon X 

3 

khk; 

Killed 

k'eeiiv with 
dust Container 
attached t. 

2 

1(M)7 

Killed 

<lo. (, 

1 

lOON 

Killetl 


rfUiDVod. Hall cliaroc went to old iicsl 
(•I her hall' lod.ucd iu a solid lump in a 
tuniud li‘adiii,u to ir w msU — lutur lailurr. 

Not 4 ti'ct In. Ill >m lace. 1 loins pumped 
led away irom nest, 

I’.rood chamber 1 it, from surface — 3 
very lar.ue channels leadin.u down throip,th 
two (il wlr'cli dust was immped — led far 
below the hro<id chamber and only con- 
nected to it l»\ a few vi'ry small tuniuds. 
Had pumpin.L; been kept up Ioniser, dust 
mi.uht liave been forced up into brood 
chamber. 

(jneeii found 2 feet from surface. Dust 
penetrated o'll} upper portion of brood 
chamber. 

h'-.sceptii nally larue fun.mis garden about 
2 ft. fi'oin sui'lace. Dust tailed to jieiie- 
trate into bri.od chamber for more tlian 
5/T) ins. Oueeii found actually in the 
process ol deposit in, u ci;,us. (ireat num- 
ber of younp win.uod termites iu nest. 

N'est !'_• ft. from surface, hailurc due to 
lack of pressure from pump. 

Xest 3 ft. from surface. Ojicned 5 hrs. 
.after tre.itmeiit. Stron,s.f odor of cyanide. 
Xest very hot. Kill would have been 
ureater liad nest been lelt unopened 
longer. 

Xest I'j feet from surface. 
l.ar).te nest 3 feet from surface. 

Xest 2 feet fiaan surface. 

.Small nest about 3 icel frcmi siirlaci' 

Xest 3'.' feet from surface. 


Hoilotcnm’s Sp. 

"t he Marvestcr Termites, llodolerincs sp. ( (irasdr.iers) 
•lie numerous all over South Africa e.\cept along the Drakens- 
I’liig and in the moist eastern seaboard of Natal, I endo am , 
and Transeki. The soldiers are yellowish in color, heavy- 
headed and large-jawed. 'I'hey differ from other T*:’^'*-** 
studied in that they have large eyes and powerful mandibles 
each of which has several large irregular teeth (hig- )• 
I he soldiers seldom show themselves but mount guard in t e 
nest and along the tunnels. 
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Imi;. ]2. I ypical [lead ol f f odofriiiics sp. 


The name Harvester comes from the fact that the workers 
cut wheat oats, grass, corn, lucerne, etc. as they stand in the 
held. These they cut into short lengths which arc then 
carried into the nest where they are placed tcmporarilv in 
little pockets in the sides of the foraging tunnels. When dr\ 
these are taken into the main nest and used as a substratum in 
the termite fungus culture In some cases the crop is placed 
in ring shaped heaps near the entrance until dry and then 
carried piecemeal below the surface. When these pests are 
installed in buildings they do not attack the woodwork but c:U 
up such light textured cellulose containing products as cur- 
tains, wall paper, etc. and tunnel through the walls inakiny^ 
holes through which they eject unwanted material into the 
rooms. 

When the nests are outside they are from two to ei^ht 
feet below the surface of the soil, ddie main nest is a large 
cavity filled with hundreds of close set shelves of a brittle black 
substance of paper-like thinness. (Fig. F>). "Fhe only sur- 
face indication that there is a nest in the vicinity is certain 
small mounds, but these may be far from the nest as the run- 
ways are usually from twenty to forty feet in length and there 
are no direct connections between the surface and the nest. 
There are two types of galleries that lead to the solid surface; 
the foraging exits and the dump heaps. The foraging 
are those through which the workers drag grass and other 
provender, the dump heaps those from which soil is thrown* 
The latter are easily located by removing the soil from above 
them. The galleries open up somewhat below the surface but 
are never more than a half inch in diameter and arc very 
difficult to follow up. Each nest has several (]uecns but these 
are not confined in a clay cell as is the case with the e)tbier 
species studied. When this termite invades buildings the nest 
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IS usually located under the building or may be in a mud brick 
in the walls or foundations. In DeGhoup of the Karro there 
is one species which makes its nest just below a hard clay 
mound, rhis is the only U odolcrmcs which makes an ex- 
ternal indication of the spot beneath which the nest can be 
easily located. 

When this species is found in the walls of buildinais, blow 
the Cyanogas A-Dust into as many of the tunnels as possible. 
'Fhese should be closed after treatment. In the case of an out- 
side nest it is a more difficult matter to make a tborou,L!;h appli- 
cation. The foraging exits should never be treated as thev are 
often blocked with chaff which renders penetration of the dust 
impossible. The small mounds should be cleared awav and 
t!ie larger runways located and followed up by digging until 
tliey open up sufficiently to aih.w application of the dust. A 
few ounces pumped forcibly into several of the galleries on 
opposite sides of the nest should be sufficient to cause exter- 
mination of the colony. The great distance of the nest from the 
point of application makes it necessary to apply the dust witli 
considerable force and to continue pumping for some time 
alter the charge has been delivered m order to insure a pene 
trntion of the dust to the uttermost parts of the nest. 



Fig. 13.” Xc.st of Iloiiotcniics sp. 
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COXCLTSIOXS 

ft is possible to treat termite nests with Cvanoi^as Cal- 
cium Cyanide A- Dust and to secure a high percentage* of 
kill that will result in the extermination of the colony. I'he 
main factor in successful treatment is to make a thoronirl) 
application of the material in order to secure a penetration 
of the dust to all parts of the nest, especially the brood chain 
hers and (]ueen cell. As tlie various species construct dif- 
ferent t\pes of nests it is advisable to determine the species 
being treated or at least to determine the type of nest heiin^^ 
considered so that advantage can he taken of its pe-cnliar 
structure to insure application at the most advantageous 
points. !n treating the nests better results are obtained if 
openings on opposite sides of the nest are treated and the 
pumping continued for a short time after the dosage has been 
applied. All holes from which dust is seen to emerge and all 
treated holes should be closed. 
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FuMKiATiON Soil 


One phase of insect control which has been more or less 
baffling to entomologists in the past has been the absence of 
a simple remedy for soil-infesting pests. Information al- 
ready available would indicate that C'yanogas Oalcium Cya- 
nide is peculiarly valuable for this type of control work, 
'fhe material is acted upon by the soil moisture and the lethal 
hydrocyanic acid gas permeates the soil and kills the insect. 
Since the residue is lime and certain nitrogenous products 
which are valuable as plant food, the residual effect on the 
soil is beneficial. 

PRELIMINARY EXPERIMENTS 

'riie value of Cyanogas Calcium Cyanide as a soil fumi- 
gant was early recognized by Professor 11. j. Qiiayle. Some 
of his preliminary experiments published in the Journal of 
bA'onomic hntomology have been reproduced on page 1-6. 
Another report of his work, published in the Report of the 
College of .Agriculture and the Agricultural experiment 
Station of the University of C'alifornia, I922-2C is given 
below. 


Soil h umigation u ith Calcium (’j/a/iu/.- Tests with calcium eyanid in flake 
■^nd dust fonn made by H. J. Quayle and H. Kni<rht assisted by F. (\ Oreer, 
indicate that this material is well adapted to soil fumigation. 

^Wooly aphis and other soil infesting in.sect.s have been killi-d by the use 
fit ounces to the square yard. Better re.sults were obtained in drv than in 
moist soil. 

In October, 1922, soil around the base of apricot trees was treated with 
f ust, using from 2 to 5 ounces to a tree. No signs of injury have been observed, 
le trees appear vigorous and have set a good crop of fruit. 

Satisfactory results against the peach tree borer have been obtained with 
- ounces of dust to the tree, applied directly to the trunk and well covered with 
No injurious effects to the trees have yet been obseiwed. 



Early experiments in the use of Cyanogas Calcium 
Cyanide as a soil fumigant for control of the Pear Thrips, 
Toeniothrips pyri Daniel, and the Apple Maggot, Rluufolctis 
pomouella, Walsh, by Professor F. G. \1 undinger ha\'e al- 
ready been reproduced on pages 6-6 to 6-8. 

THE PEAR LEAF MIDGE 

A series of interesting experiments have been conducted 
on the control of the Pear l.eaf Midge, Perrisia pyri, in New 
Zealand, by David Miller, Entomologist, Biological Lahoni 
tory, Wellington, New Zealand. The following reprint is 
the section of his paper dealing with control measures and 
is taken from “The Pear Midge, Further Observations and 
Control with Calcium Cyanide'’, The New Zealand Journal 
of Agriculture, \^)1. XXX, No. 4, April, 1925, p. 220. 


COXIUOL WITIf CALCIUM CVAyiD]-:. 

Owing to the pcar-niidge larva* wL*n on the trees being ].)rot<.‘cted 
by the rollcd-up leav'os, none of the s[)rays tested have been sufficient ly 
effective. However, the habit of the* iarva, entering the ground to 
hibernate and pupate presents an opportunity for control. 

Though a number of insecticides have been ('\perim(‘nte(i with in 
soil-treatment (Jov.nial, August, 1921), no results of a j>ractical 
were obtained until the |)resent season, when caldiuu cyanide* ’vvas 
used. This is a preparation manufactured by the American Cyanarnid 
Company, New York, and at the time of these experiments was 
prepared in three forms- granuk*s, Hakes, and dust. Owing to later 
improvements in the manufacturing |)rocesses, liov/e\’er, the granules 
can now be made at. less cost and placed on the market at the saiiu 
rate as formerly charged for the flakes, which ha\’e t)een withdrawn. 
On the cyanide being exposed to the atmosphere, hydrocyanic acid ga*> 
is generated, and its \ ahie as a .soil-fumigant is at once apparent. Ihe 
opinion has been put forward that too great a danger to life is involvto 
by th(‘ use of this malt‘rial, but that is by no means so if ()rdiiiar\ 
common-sense is used in its handling. Certainly the danger is conipai^'- 
tivcly small when tin* cyanide is used out of doors. 
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In the following experiments against one of the summer broods 
of midge, carried out at Mr. F. G. Platts's orchard at Henderson, the 
granular cyanide was used. Six dosages were laid out, each involving 
three plots of infested soil under as many trees, making a total of 
eighteen trees treated. . Over the treated area under each tree two 
emergence tents were pitched, so that six observations were made for 
each dosage. As a check twelve tents were pitched under untreated 
trees. Owing to lack of sufficient evanide the experiments were not 
made more extensive. 

The dosages of cyanide to each area of 200 sq. ft. were as follows, 
the material being spread on the ground and worked, not turned, in with 
a spade : (i) 2 lb., (2) if lb., (3) ij lb., (4) i lb., (5) .f lb., (6) J lb. 

An examination of tht^ emergence tents at the time when the midges 

were due to emerge showed that the efficitmey of the cyanid(’ divided 
the dosages into two groups, one comprising dosages (i), (2), and (3), 
and the other the dosages (4). (5), and (6). In the first group then^ 

was 100 per cent, control, and in all of the second group but little 

control, if any. Certainly the weakest dosages, (5) and (6), cannot be 
claimed to have had any* effect, since the numbers of midges emerging 
into the tents over these plots could not be said to be any less than 
those in the check tents. 

Owing to results between the two groups of dosages - (i), (2), (3) 
and '(4)," (5), (6)- being 'so decidedly positive and negative, a latcr 
attempt was made with dosages of strengths each descending by i oz. 
from T.Ub. to i lb. to every 200 sq, ft; <d infested ground. In this 
(‘Xperiment, carried out to determine il there was a weaker effecti\'e 
dosage between (3) and (4), thirty-six observations were made, exclusive 
(d checks. Nine dosages, txicli involving infested ground under two 
trees, were applied. On each of these eighteen plots an emergence tent 
was pitched, together with an emergence box. This latter, turned 
mouth downwards, measured 10 in. (high) by 14 in. by 20 in. (inside' 
measurements), and was line<.l with black ]>aper. On the top five holes 
were bored, in each of which was inserted '1 glass tube i in. in diametei 
and open at both ends except for a muslin cap over the outer one. 
A cork fitted with a narrow tube was inserted into tin? opposite end 
within the box, in order to prevent any midges from leaving the tubes 
once they had entered. It was hoped by this means to make counts of 
the midges emerging from each dosage, but tin' moisture which collected 
in the bottom of each tube interfered with this. 

The results of these experiments, however, as gauged from the 
tents, showed that the dosage of lUb. to 200 sq ft. was the weakest 
elfective strength that could be used for 100 per cent, control. Acting 
on this basis it is intended to extend the work on a larger scale, treat- 
ing whole orchards under commercial conditions in order to test the 
eiliciency of the cyanide against the hibernating midge-larv;e. A point 
of interest in the experiments was that though the pear-midge was 
controlled by the stronger dosages, the latter had appaiently no elfcet 
on certain other underground" insects, since there was a general 
emergence in all the tents of such insects as the cicada (Melampsalta 
and several ichneumon flies and muse id flies. 

The quantity of cyanide required to treat a midge-infested orchaid 
will vary with the spread of the trees. In mature orchards where trees 
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overlap, the full acreage must be treated at a maximum cost, but witli 
upright mature varieties or younger trees less cj^anide will be required, 
until a minimum is reached in a newly planted orchard or in a nurser\ . 
It is not known at present just what tlie exact cost of treatment with 
calcium cyanide would be, but in any case the results here recorded, 
together with the reduced price of the granules, show that at least 
young orchards (or even some mature ones) and nurseries, wH(‘r(' 
isolated, could be economically treated at present. 

That ordinary winter cultivation, if carefully carried opt, will reduce 
the numbers of midges emerging in the spring . has been pr()\a'd 
{Journal, August, 1921), but no concerted attempt has been made to 
follow this line of treatment, which requires that orchards be well kept 
throughout the year, so that the thorough turning-in of the midge 
infested surface soil is made possible during the insect's hibernatirig- 
period. Not only is the pear-midge so reduced in numbers, but also 
other insects hibernating underground. 



WiRKWOHMS 

Wircworins, the larvae of various species of Klatcridac, 
have been a source of woii^ and embarrassment to entomol- 
ogists since the establishment of Kconomic Entomoloj^y as a 
profession. Because of the subterranean mode of life of the 
larvae, they were difficult to attack. When one reviews the 
literature pertaining to this pest he finds that poisoned baits, 
repellants, and cultural practices were all thoroughly investi- 
gated and in turn discarded as worthless It is true that 
certain licjuid fumigants had been shown to possess killing 
properties when applied to wireworms but these were never- 
adopted by the grower because of commercial impractic- 
ability. A thorough investigation, during the past three years, 
has demonstrated the value of Cyanogas Calcium Cyanide 
for wireworm conti-ol both from the standpoint of efficiency 
and fi-om the standpoint of commercial practicability. 

COMMERCIAL IMPORTANCE 

A lai-ge variety of field and vegetable crops are subject 
to attack by wireworms as they feed during their three years 
or more spent as larvae in the soil. Corn, wheat, oats, alfalfa, 
potatoes, sugar beets, lima beans, tobacco, luelons, nursery 
seedling stock, and truck crops in general furnish food for the 
\arious species indigenous to various parts of the world. In 
the case of some of these crops such as tobacco, beets, early 
tabbage, wheat and parsnips, feeding of the wireworms may 
so damage the roots that the plants die or arc stunted and un- 
marketable. In the case of other crops such as potatoes and 
carrots the feeding of the wireworms reduces the marketable 
calue of the crop so that it is thrown out of the top grade or 
cannot be marketed at all. In a single county of the state of 
vashington during the year 1922, it has been estimated that 
fic losses to potato growers due to wireworm damage 
jiniounted to over $.^60,000. In the same state the annual 
'»sses sufifered by the nurserymen of such seedling stocks as 

.l‘>panesc pear, apple and cherrv have been placed at $5000. 
per acre. 

In California it has been estimated that over one million 
jj'-ies of devoted to production of such crops as lima 

|ans, sugar beets, etc., are infested. An instance is on record 
t'h ^^®^''nction of 40 acres of shade gntwn tobacco plants in 
dis ' valley on a single farm with the necessity for 

in replanting with attendant shortening of the grow- 

the ^rieh instances are cited merely to indicate that 

problem of wireworm control has been a serious problem 
"lany sections of the United States. 




Imc. 1.- S('rct*nini; to DclcrniiiU' Depth of W irewurnis 
in Soil A/.iisa. ( alif. 


SPECIES CONCERNED 

Several species of wirewoniis are responsible for 
losses which have been mentioned. Phletes occulcntaln 
found in the Yakima Valley and some other irrigated secllonj’ 
of the Western United States. Phletes calif ornicus is the ini' 
portant species in California. Ludias uoxius is the speut^ 
found in the arid or dry land sections of Washington. In tnr 
Connecticut Valley and h>astern United States the con^ni ni 
destructive form is lAmonius sp. probably L. agonus. In 
I^iedmont Section of the Carolinas, Aeolus dorsahs is elten 
destructive. In England the species occurring in great^^^ 
numbers as a pest, is Agriotes ohscurus Ij. 



EXPERIMENTAL WORK 

Experimental work with Cyanoi;as Caleiuni Cyanide 
as a soil fumigant for control of wireworins was started in the 
Spring of 1923. Some of the early experiments in the Eastern 
United States were carried on by Dr. J. L. Horsfall at the 
Research Laboratory of Pennsylvania State College, Phila- 
delphia, Penna. 'Phese experiments established the fact that 
Cyanogas Calcium Cyanide would kill wireworins but that it 
was not possible to obtain satisfactory control without serious 
injury when applied directly to growing crops. An account of 
these early experiments was published by Dr. Horsfall in the 
lournal of Economic Entomology, Col. 17, No I February 
V)24, p. 160. ■ ' ■ ’ 


l^ossibilities of Granular Calcium Cyanide as a Control Measure for Wireworms. 

Severe infestations of wireworms occurn'd diirinj^ May and June, 102.‘1, in fields of 
early cabbage near Idiiladel])hia. . Los.st's varit'd from 15^ ^ to 10^ of iheentiresland. 
In some fields as many as 25 individuals were taken from iIk* roots of a single plant. 
Neither poison l.'ran liait nor corrosive suldimaU' solution, 1-1000, resulted in control. 

Wireworms were confined in piots of moist soil one, two, three, and four inches 
below the surface. Five individuals were used in each experiment. Five grams of 
granular calcium cyanide were placed on the surface of tlie soil in t'ach pot. When 
examined after a 48-hour period, one hundred |)ercent kill was found to have been 
obtained in each of the treated jiots while all individuals in the checks were living. 
The same treatment was then ap])licd in one section of a heavily infested field of 
cabbage. Six to eight grams of granular calcium cyanidt' were placed three inches 
from each plant in a furrow left bv cultivation. In some rows, dirt was thrown 
over tile cyanide with a wlicel hoe, in other rows the materiid was left expo.sed. 
Within twenty-four hours, the field was watered by an overhead system of irrigation. 
Five days after application, the plants were examined and an averageof 81 kill was 
found to havm been obtained. Twenty dead wireworms and one live individual 
'Were taken from one root. No ditTerenee in kill was found bt'lwcen the rows in 
which the material was covered and those in which it was left uncovered. A strong 
odor of cyanide was distinguishable in the soil five days after treatment. Some 
'ojury to the plants resulted from this treatment which may have been due to weak- 
ened root systems. Tests to determine the tolerance of plants to various dosages 
were repeated four times on plants which had been transiilanted two weeks and 
which Were not infested with wireworms. No injury resulted from dosages of 5 
gramstolOgramsperplant. Plants, treated with 12, 14, and 10 grams respectively, 
^^re killed. J. L. Horsfall, 

Pu. Sta. Col. Laboratory, Busllelon, Pa. 
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Mr. Roy K. Campbell of the U. S. Bureau of Entomoloav 
startcd experiments in the control of \vi reworms in California 
and Washington during the summer of 192.^ using the broad- 
cast and prebaiting methods. Various machines were also 
tested as to their usefulness in making applications of the 
Cyanogas Calcium Cyanide. The results of these early tests 
formed the basis for a paper by Mr. Campbell which appeared 
in the Journal of Economic Entomology, Vol. 17, No. s, 
October, 1925, p. 562. 


PRELIMINARY REPORT ON THE USE OF CALCIUM CYANIDE 
AS A SOIL FUMIGANT FOR WIREWORMS 

Uv Koy M Cami’IU- i.i., V. S. Biircun of linlotrola^y, AllKnuhra, ( tilijornid 
A US I k ACT 

In a scries of prclimitiarv jiot and field e.xjx'rinuaits calcium cyanide, used at llu; 
rate of from IdO to d(X) jH.nindr ]kt acre, sliowcfl a decided toxicity to wireworms, 
Llaterid larvae, and indicated that al)Out 2(X) pounds j)cr acre if properly a]i])lied 
nould kill 7") per emit, or more, of the worms. 

Wireworms^ have caused enormous damape to \’arious croi)S on the 
Pacific coast for a number of years, ])arii('ularly to l)eans, beets, and 
potatoes, but to many other crops as well. Many attempts have l)ccii 
made to control these pests, but none has jiroved satisfactory. One 
entomologist expressed his opinion that “wireworm control is a [iroblein 
which V'c can leave for posterity to solve.” With the constantly in- 
creasing darnape from wireworms, however, it is becominp ap])arent 
that the discovery of some method of control can not wait on posterity. 

It has lonp been known that hydrocyanic-acid pas derived from so- 
dium or potassium cyanide would kill wireworms, but its use was im- 
practical because of its hiph cost and its injury to i)lant life. 1 he de- 
velopment of the low-pradc and comparatively cheap calcium cyanide 
removes the first objection to the use of h)'drocyanic-acid pas, and the 
use of the material when the pround is fallow, or yirior to plantmp, 
eliminates the second objection. 

In order to test the effect of (kilcium cyanide on wireworms, a sciies n 
e.speriments was undertaken in the laboratory at Alhambra, Calib. la 

^The species principally concerned are Phelcles californicns in Calif, and / . ^ 

denlalis in Washington. 
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June, 102, ‘u 10-inch pots of soil b.inL^ used, followed, in Auj^iist, by 
field tests at I'oppeiiish, Wash.^ 

In the jiot experiments, various types of soil were used, as well as 
moist, diy, locisc, and packed soil, and the relalive locations of the 
cyanide and wireworins were also varied. A snnnnary of all t)f the ex- 
periments show the f olleAv inj^ 


Tahli'. I Siiowixo pK.Rri:\- 
OF ('ALCll M ('VAMDK Dc 

lAC.K OF WiRI'.WORMs Kil.LLI) MV DiFl l' 
ST I’l-.R AcRF. in I’or ICxi'I'.RIMI.N IS A 

California, in 

.Rl'.Nl AmOI NTS 

I Al. II AMUR A, 

l^oniids 
jK'r acri‘ 

1’ 

M.a.Kimnni 

’cr cent killed 

Minimum Avi'r.ige 

.Number of 
exncriment 

Tot.'il number 
of worms used 

m 

1(K) 

70 

02 

il 

00 

;>.5() 

1(X) 

:;o 

so 

12 

120 

:^rK) 

1(K) 

;u) 

71 

12 

120 

2.50 

00 

.30 

(‘)5 

12 

120 

2(X) 

100 

10 

.50 

hi 

i:;o 

150 

t)() 

0 

40 

11 

110 

Control’ 

10 

0 

1 

0 

IH) 


Although nearly a hundred experiments were periormed, the\' were 
not considered sufficient to exjilain cntirel)'^ the variations in results. 
An analysis of the experiments, however, suggests the lollowing le.ctors 
as having a bearing on the success or failure rcsultiilg in several cases: 

(1) Depth ok Cyanidie Iffillowing shallow applications, there re- 
mained in the pots a considerable percentage of live worms, ncarl)' all of 
which, except in the ease of light dosages, were se\'era] inches below the 
cyanide. It was therefore concluded from the rather meager evidence 
that the killing of few wirewdrms below the cyanide could be cxiiectcd. 

(2) AIechamcal Condition ok the Soil. In cxiieriments wheie the 
soil was left very loose, the killing in most cases was low, probably 
owing to the fact that the gas was allowed to escape too rapidly. W here 
the soil was packed hard, also, the killing was low, (Aving to the dhh- 
eulty with which the gas penetrates soils in this condition. 

(3) Activity of the Wirewokms. As the ex])criments continued 
into the fall and the wireworms became less active, results showed 


^The experiments at Toppenish were carried on under the wTiter s direction by Mr. 

John N. Stone. , ^ 

*In these experiments calcium cyanide dust was used, wlnle for nola ^vor 
granular form was used. , „ j i 

'Of the VK) worms used in the controls, 80 were recovered, So 
However, in none of the experiments were missing worms considered as y 
killed. In computing the percentage of killing, only the dead worms ac a y 
covered were used. 
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lower killing, even with tlie liiglier dosages. It nia\- l.c that as th(‘ v ire- 
wornis be(X)ine less acth'e the effect of the itas uix.n them decreases. 

Results (jhtained at I()|)peuish, Wash., ^ave eonsidera1)le |)ron'iise, 
but difliculties were encountered ov.inLt the lateness in the sc'ason, 
the hardness of the soil, and the iiuavasinit inaeti\ ity of the wireworins. 
Bcnehted l)y tlie exi)erienee gained in the fall, the experiments were 
begun at tlie linst signs of wireworm activity in the’ sja ing, whieli was 
early in IMareh. A si)eeiai machine was (k'signed l)y the American 
Cyanamid (\)m])any whieli could lie attached to the l)eam of a ])]()w and 
set to feed a definite amount of cyanide in the furnw just aliead of the 
soil wliich is hieing turned ox'cr. Disc and hoe drills also wctc used in Hk' 
application of calcium cyanide. Soil examinations weve mad(‘l)oth in the 
]ilots and in othei ])aits of tlie infested fields. 1 he jierc’entage of ]<illina 
was ascertained by sifting sexeral cuh)ie feet of soil in each jilot and 
counting the dead and live in.sects. A summary of the ex])eriments u]) 
to May .) sliows the lollowing results:’’ 


'Pahi.k II -SiiowiNT. pKRri:NTA(.i'; or \Viki;\vorms Kn.i ij) |{v i tirrian'.NT 
.\.\!()rMs or ('iRwa i.AR (.\\i.en m ('vwidi;, Toim>i:msh. Wamiini. ion 


Poiinds 

{H'r .'irrc Ar.'ixirmini 

MoO-atK) 100 

2S0 :m 10(.) 

22.5 2o0 100 

IN0-2(X) 100 

i;io-h50 s\ 

Control 0 


I 5 ‘r (.'('111 killed 

M inimum 

1 

.\ver;u. 

100 

KK) 

71 



/ / 

S\) 

•> 1 



/ .> 

10 

10 

0 

0 


Xungx r of Total nnniljrr 
('X[H'rinionts of worms found 

•1 iC) 

0 Ml 

•5 oS 

11 :;d5 

s 1,54 

21 .570 


Here again it is at ]:)resent impossible to extilain the wariations in re- 
sults hmt a. study of the experiments suggest sc\’eral contributing 
factors, among which are the following: 

(1) I ICMPHRATURK. During low temperatures the Avireworms are in- 
active and probal)!}' not so greatly affected by the gas as when active. 

(2) MoisTCRic . In sc5X‘ral of tlie experiments where poor results were 
obtajned the soil was wet. It is well known that moisture will absorb 
hydrocyanic-acid gas and that when too much moisture is ])resent the 
calcium cyanide breaks down, forming ammonia and tlius lessening tlie 
amount of h5'drocyanic-acid gas given off. Rrobably this is what 
happened in some of these experiments. 

(.3) Mktiiod or Applk’atiox. In most cases lietter results were 


Mhc ty]>e of soil at Toppcnisli is volcanic ash and was i)ractically uniform 
in all plots, varying only i,i its mechanical condition. 
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obtained ^villl the drill, which placed the cyanide in the soil in rows 6 or 
8 inches apart, than with the plow a]:)|;)licator, which placed the cyanide 
in rows 14 to lb inches ai)art.'’ 

(4) 'I'l'X'i'i;].;!.; o].' Soil, d'oo loose or too corn|jact a soil also seemed to 
be the cause of ])oor results. 

(5) Depth of Ainn.icATiox. This appears to be very important, for 
equally poor results were obtained \vhen the cyanide was placed toe 
near the surface and v. hen it was placed too dee|). The dci)th at wliich 
the majority of the wireworms occur seems to detcTinine the proper 
de]Th for api)lyin<.j the cyanide, d'his depth appears to vary throughout 
the season Init the habits of the worms have not l)een sufficiently studied 
so that it can be predicted with certainty. In most of the ex])erinients, 
howe\a'r, the Ix'st results were obtained when the c'yanide was a].)|)lied 
from 1 to () inches deep. 

'I'he twperituenis so far ha\'e not d('termined whether it is best to 
aj)i)ly the material early in the seasf.m, or as late as possible, just prior to 
])lantiny, but indications are that late sprin.^ will Ih' the best time. In 
early sjnhn; the worms are not only more or less inactive, but are fairly 
deei) in the soil. When (he .soil warms up they Ijceome ([uite active and 
fe<’d near the .surface, but with the a<h'ent of hot summer weathc-r, they 
yp) deepcT in the soil ayain. Sereeniny of a. number of one-foot cross 
sec tions of soil in tlie last of I'clxTiary showed that lb i)ei' Lent of tlie 
Worms wc're in the iippca* I inches, 40 ].)er cent from I to b inches dee]) 
and 1 I per cent from b to S inches. On May b, howewr, 70 ])er ('cnt of 
th(‘ worms were in the* upper M inches and 00 ])er cent in the U])])er 4- 
inches, 

Duriny cold went her worms turiusl up l:)y the ])lo\v show \’ery li].tle 
aeti\'ity, remaininy at the surface', often exposed for some time, but in 
warmer wc'ather such worms raj)idly work l.)ack into the soil. In the 
Yakima X’alley earh- ai)|)lieations also kilU'd many adults which had not 
as yet emeryc'd from the .soil. 

To determine how lony the c\anide remained in the soil, definite 
applications followed by ehc'inieal anah ses were made, with results as 
follows; No cyanide could be detected in a wet .soil" after 2 days when 
150 ])ound.s per acre had been a])])Iied and none after 4 days following an 
ap])lication of 500 pounds to the acre. In a dry soil' a faint trace of 
cyanide could be detected on the fourth day after using 150 i)ounds per 

®Tlic use of the a])|)licalor (U) S or lO-ineh t)ottom plows, or witli a si)rea(.]ing device, 
would remove this (linieully. 

'The wet soil had more and the dry soil less than the optimum amount of moisture 
for cultivation or i)lanting. 
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acre, and on the tcnlli day when oOO ])oiinds i)er acre was used. Tiio 
ciiianlity toward the end of IIk' period was extrerne])^ small in each ease. 
These data indicate that the c\ anide remains in the soil for only a short 
time, and that it will be jierfeetly safe to do the planting ^\'ithin a week or 
10 days after ap|)lieation. These results have been conhrmed by held 
experiments. Seed potatoes ])lanted inimediati-ly or the next (Lay after a 
calcinrn cyanide a])])lieation were all injured, but when planted a week or 
more after the a|)|)lieation tluy sliowed no effect from the e\'anide. 

d'hc a])])lieation of ealeium cyanide to soil in whic'h plants, such as 
jiotatoes, 1mll.)s, and }'ouny sec'dliiiy tives, were erowiny, demonsti-ated 
that when it was ])lae(_'d close enotiyh to iho idants or used in (|uanlities 
sufheient to yet a yood killiny of wireworins, injury to the roots or 
tulxTs resulted. 

On only one (‘X|)erinK‘iital plot are tlie plants sufheiently ach aneed in 
yrowlh at this writiny to show the elTeet of the trcxitment on the ero]). 
A treated |)otato ].)lot on badly inlested soil sliows a de('idedly better 
stand and yrowth than the untreated adjcnniiiy arc'as. This not only in- 
dicates that the wireworins were (.'ontrolled, but also tliat the ealeium 
C)'anide did not injuriousK- afleet the soil f(»r subsecpuait iilant yrowth. 
Practically all jilots have been plant(.'d to some eroj), and (‘xaminations 
will be rn.ade dunny y,r(Wth and at haiwest to det(M‘miii(‘ liow ('ffeetivc 
the treatment has lieeii m mereasini’ the (luantity or inijinA'iny c|uality. 

d'he experiments so fai‘ ha\(‘ been inlendc'd ])rimarih^ to determine 
whether ('aleium cyanide will kill a sal isfaetor\' pro])ortion of the wire- 
worms when applied in nuxlerate amounts. Tiny indicate that ‘dt)0 
pounds ]ier aeie if j»ro|)erl\' ap|>li<'d will kill 7d ix.-r ecMit, or more, of the 
worms at a cost ctf about ShO per acre. It should Lie borne in mind that 
the benefit ol one treatment will extend over two or threx; scvirs at 
least, ^ owiny to the fact that it recyiiivs akioiit three years for these wire- 
worms to ix-aeh maturit)' and a sinyle biood may cause inj‘ur\' o\'er this 
pcriocl 

Exjiennu'nts are now undc'r way' to discover iiKsms of redueiny the 
amount of cyanide recjuired jier acre and thereby the cost of t.ix'atmcnt. 
It is a well-known fact that wireworins ('<)ll(_*et in the rows of beans or 
other crops, therefore, if advaiitayc is taken of this habit by drilliny in 
split beans, nee liran, or other atlraetants, to induee the wireworins to 
concentrate m rows 2 or o feet apart, and subsecpK'iitly trexatiny. these 
rows with a fairly heavy ai)])lication of cyanide, a better killiny may be 

®In addition to controlling the wireworms, there is some evidence that the use of 
calcium cyanide increases the nitrogen content of the soil. 
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ol:)t;iinc'(] \y\ih less tualerial ])cr acre, linproveniciits in inelliods of 
aj)])li(\a(i()n are also under \vay, as \vell as exiH'riinenls to ascertain the 
firojX'r (le])tli of appliealion, distanee belwee-n tre-ated rows, best time to 
appl>' (he ('vanidcs ele. 

d'he ealeuim evanide nsi'd in the hi'ld ex])erimen(s was tlie pranular 
form, whieh is ihc' ordinar\- llakc'S en iiind to about the (ineness of eoarse- 
1}' yi-ouiid coffee and the liner partielos sifted out and diseardc<l. d'his 
niatrrial fex'ds iwalily from prain ami small S(wd drills, is more eoii\ cm'ent- 
ly handled and applied and appoars l< • eiw bet lei' results than the finely 
pronnd diisf . 

'I'he following; article by Mr. Anthony Spiiler is inter 
Cwiiyp; because of the data which is <(iven on the e(Tecti\ cness 
of various bait crops. He also includes the results \\'hich were 
obt.iine.l by treating \ at ions baits with Cvanogas C'alciuin 
C'vanide after wirewornis had been attracted to these baits. 
Mr. Spuler's paper is reproduced from the Journal of 
lA'onomic lentoinology, \b)l. IS, No. 5 , October, p. 7 i)S. 

BAITING WIREWORMS’ 

By Anthoxv Spi lkk, Washin^to?! AgriciiUnrdl Experiment Station, Pullman, Wash. 

Austraci 

Calciiirn cyanide is an clTcctivc soil fninipant for the wet land wirewonn, Pheletes 
oeridentalis, but it is too expensive. Baits eoius^ntrate wirewonns and when used in 
soil fuinipA'ition decrease the cost of treatment, (terminating seeds attract more 
worms and are more easily planted than other forms of baits. 

The irrigated or wet land wirt'wta'm (Pheletes ocei den tabs) is fast be- 
coming one of the most destructive insects to garden and field crops in 
the in’igated sections of the state. Soil examinations show that in 
areas rcinited to have severe infevstations the wireworm population 
varies from about 80,000 i)cr acre at Topfienish, Wash, to 400,000 at 
Clarkston, Wash. Because of this severe infestation requests for prac- 
tical means of control arc becoming more persistent year by year. 

Considerable work has been done on soil fumigation as a control for 
wireworms. Experiments conducted by Tattersfield and Roberts of 
Rothamsted, England, Dr. William Moore of the American Cyanamid 
Co., J. E. Nciffert of the U. S. Bureau of Chemistry and others show 
that there arc a number of toxic substances that will kill insects of this 
type. Most of these fumigants will not lend themselves to soil con- 
ditions and can therefore not be used as soil fumigants. To be a good 
soil fumigant a material must have all or niost of the following qualities: 
1st, It must be highly toxic to imsects: 2nd, it must not be dangerous to 
handle: 3d, it must not be readily adsorbed or broken up by the soil: 
4th, it must not be unduly toxic to plants and 5th, it must not be ex- 
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pensive. When these tests are applied to the various substances used in 
insect control all are found wanting. The one material that comes 
nearest meeting these tests is calcium cyanide. Calcium cyanide, 
however, is toxic to plants and altho the present price is as low as 15 
cents per pound, is still too expensive to find general favor among the 
farmers. Recent investigations at Topjienish, Wash, have shown that 
at least 300 pounds of calcium cyanide arc required to kill a high per- 
centage of the worms in the soil under favorable conditions. This would 
cost 45 dollars per acre which is still too much of a tax to be considered 
by the fanner. 

In June of 1923, investigations were carried on by tlie Division of 
Entomology of the Washington Experiment vStation to determine if 
soil fumigation could not be supplemented by the use of baits in the 
control of the wet land wireworm. It has long been kno\vn that the 
Japanese gardeners depend on rice bran or rice flour baits to attract 
the worms away from the growing vegetation and to concentrate the 
worm to small areas where they can be dug up and destroyed. If tlie 
worms could be attracted from some distance in the soil the ncetl for 
fumigating every foot of soil would be eliminated and the cost of treat- 
ing the soil reduced. Accordingly various types of baits wereidanted in 
the soil among young nurser>' trees of the Washington Nursery Co. at 
Toppenish, Wash. The trees were at that time badly infested\vith wire- 
womis and many of them had been killed outright, d'he l>aits were 
placed between the rows of trees and spaced four feet each WcOg thus 
forming the center of a circular area of ab(nit 12 square feet. After a 
period of a week the baits were cxamin(?d for worms. The followitig 
table shows the results obtained in the use of the various baits: 

Table 1. Results Obtained from Various Baits 


Bait used 

Av. Xo. 

worms 

Bait used 

Av. No. 

worms 

Rice llour, 

per bait 

26.6 

Bran 

])er bait 
. . . 22.5 

Graham fk)ur 

26.6 

Potatoes 

17.3 

Graham flour and sugar. . . 

24.5 

Carrot roots 

15 

Graham flour and oranges. 

21.9 

Carrot toj)s 

S.4 

Graham flour and lemons . 

20.1 

Apples 

S.4 


The flour and bran baits were prepared by adding sufficient water to 
the flour to make a stiff dough. Since the original infestation in the 
nursery plot was found to be about two worms per stpiarc foot of soil, 
it seems that some of the baits proved quite effective in concentrating 
the wonns. 
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In June of 1924 further investigations in the use of baits were carried 
on at Toppenish, Wash, by Mr. j. N. Stone of the American Cyanamid 
Co. and the speaker. A sugar beet field was used for the experiment. 
Prior to this time the field had been in beets but was plowed up be- 
cause so many of the beets had been destroyed by the wireworms that 
only a few scattered beets were left. It was thought that this ground, 
because qf its severe infestation, would prove ideal to tiy^ out baits. 
This did not prove to be the case. The freshly plowed ground dried out 
quickly and difficulty in getting irrigation water on the ground caused 
the womis to seek lower levels. The beet roots as well as tops that were 
turned down by the plow served as baits for the wonns and fresh bait 
placed in the ground would not attract the worms away from the beets. 
In this experiment seeds of peas, beans and com were planted in rows 
spaced six feet apart, by means of a garden seeder. Notwithstanding 
the fact that the beets themselves served as baits, many worms were 
attracted to the genninating seeds. It was thought, however, that 
many more would have been attracted had it not been for the beets 
which served as a counter allractant. 

Wirewonns are very fond of genninating seeds and will attack most 
garden vegetables while in that stage. For this reason any treatment of 
the soil would be most effective if applied before the regular garden or 
field crops are planted. In order to detennine how early in the season 
this could be done, investigations were conducted at Clarkston, Wash, 
this year, beginning February 23. At this time most of the early garden 
in the vicinity had been planted but the soil was still cold and the wire- 
wonns inactive. None of the wonns were found in the upper eight 
inches and veiy^ few were found in the upper twelve inches of soil. 

Thm the courtesy of Mr. M. V. Pound of Clarkston, a plot of ground 
that had been used to- grow a home garden for 29 years, was secured. 
Examination of the soil showed an infestation of approximately eleven 
wonns to the square foot of soil. On Febmary 23 Alaska field peas, 
garden beans and sweet com were drilled in rows, spaced six feet apart, 
by means of a garden seeder. One row each of graham flour and pota- 
toe baits was planted to check on the efficiency of the gcmiinating seeds 
as baits. The graham flour and potato baits were spaced four feet each 
way. 

Subsequent examination of the baits showed that the corn and beans 
did not genninate until March 13th and that wireworms activity did 
not commence until March 27th. When the wirewomis did finally be- 
come active and work toward the upper few inches of soil, most of the 
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com and bean seed had rotted. The Alaska Held i)eas genninated early 
and the young plants were about two inches high and past the most 
attractive stage for the worms when worm activit\' began. 

It was not until two weeks later that all the worms seemed near the 
surface. At this time all the baits were treated with calciimi cyanide. 
Fifty pounds of calcimii cyanide per acre was drilled in on one row by 
means of a garden seeder, but the garden seeder proved unsatisfactory 
since it did not place the cyanide deep enough in the soil to do effective 
work, so the remaining rows were treated by plowing a furrow close to 
the row by means of a hand jdow. Where the hand plow was used the 
calciimi cyanide was sprinkled in the bottom of the fuiTow at the rate of 
100 pounds per acre and immediately covered by the plow. vVherc the 
graham and potato baits were used fumigation consisted in punching a 
hole in the soil over the bait by means of a hoe handle and placing one 
tablespoon full of calcium cyanide in each hole. The treatment of the 
graham flour and potato baits, as well as those rows of seedlings that 
received 100 pounds of cyanide per acre, proved to be 85% to 95%) 
effective. The one row receiving but 50 pounds of calcium cyanide was 
only from 50% to 80%) eflcctive. Much of the poor showing in the ease 
of the one row was probably due to the fact that the seeder did not place 
the cyanide deep enough in the soil. Four days after treatment with 
calcium cyanide, counts were made to determine the number of worms 
that had been caught at the baits. Similar counts from soil between the 
rows at this time indicated that all of the wonns had not been attracted 
to the baits. To detcmiinc the number of worms not attracted by the 
first series of baits a second .series was planted between the rows of the 
first. A week later the second scries of baits was treated and checked. 
The following table shows the results obtained in the two series of baits 
used : 

Table 2. Average Number of Worms Attracted per Square Foot of Bait 


Bait used 1st scries 2nd series Total Worms per sq. tt. 

in soil aftei baiting 

Alaska peas 43 19 02 2 

Beans 41 20 G1 1 

Corn 43 22 65 1 

Graham flour*. 75 — 75 4 

Potato 22 — 22 7 


The graham flour and potato baits were not renewed and that portion 
of the plot received but one scries of baits. From this table it would 
seem that a high percentage of worms can be attracted to baits. The 
first series of baits would undoubtedly have attracted more worms had 
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thoy been in ]jrime condition when wireworin activity was at its height. 
Had the first baitin<( Ix'en deferred until all wireworms were in the uiiper 
few inches of soil it is quile probalif * that further baiting would not have 
been necc^ssary. 

Baits for wireworms are most effective when planted during the 
height of wireworin activity. 'J'his is after the early gardiai is jtlantcd 
and before the soil bec(.)ines too warm near the surface to enable the 
wirewonn to thrive in the first, few inches of soil Any plot of ground to 
be treated by baits in connection with calcium cyanide or with calcium 
cyanide alone must be used for some late crop such as i>otatoes. It is 
necessary when baiting a field to have it free from weeds or other \ ege- 
tation, since this wireworin relishes such weeds as the Russian thistle 
and mustard. Baits should be allowed to remain in tlie soil for some 
time before treating w'ith cyanide. It was found that more W'orms were 
attracted at the end of two weeks than after one week. One graham 
flour bait which had attracted ll lwonns after tw'o weeks attracted 45 
more in another week. Calcium cyanide acts as a repellent and any bait 
so treated will cease to attract the wirew'onn. 

The cost of baiting a field is not great. Two men can easily cover a 
field of five acres in a day. One hundred pounds of calcium cyanide is 
sufficient to treat an acre of soil where baits have lieen used. Germinat- 
ing seeds prove to be the most efficient bait since they take less time to 
plant and attract more w'onns per foot than do the flour or potato baits. 
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OBSERVATIONS ON WIREWORMS AND THEIR 
CONTROL IN ENGLAND 
WITH CYANOGAS CALCIUM CYANIDE 

Hv 

Herbert W. Miles, M.Sc. (Bristol), X.D.A. 


Introduction 

Wireworins are a particularly serious pest in land which 
has been newly broken up, and for the first three or four 
years afterwards are responsible for considerable losses, 
especially to such crops as potatoes, wheat and oats. Where 
land is enclosed for market garden work young x egetables are 
particularly liable to severe damage and each year miicli 
loss is caused by wi reworms to tomatoes under glass. From 
time to time various substances have been recommemied as 
a soil dressing to control wireworms but no really satisfactory 
treatment has so far been forthcoming. The manufacture of 
Cyanogas Calcium Cyanide and its availability in a granular 
form suitable for use as a soil fumigant suggested tliat, pro- 
vided a technit]ue could be worked out, this substance might 
furnish a better control of wireworms than any so far em- 
ployed. In 192.C work was carried out on the Cyanogas Cal- 
cium Cyanide treatment in America by Campbell (I), who 
conducted pot experiments in California and held tests in 
Washington. From these tests it was concluded that used at 
the rate of 130 to 4()() pounds per acre, Cyanogas Calcium Cy- 
anide showed a decided toxicity to wireworms of the species 
Phletes calif ornicus and l\ occidentahs and that 200 pounds 
per acre if properly applied would give 75C or more control. 
In 1924, experiments were conducted (2) in Washington on 
the use of baits in conjunction with the Cyanogas Calcium 
Cyanide treatment for wireworms since it was thought that 
the attraction of the wireworms to the vicinity of the baits 
would reduce the amount of Cyanogas Calcium Cyanide 
necessary for control and thereby lessen the cost. The results 
justihed the experiments for it was found that the baits con- 
centrated the wireworms and decreased the cost of soil fumi- 
gation. It was also found that germinating seeds attracted 
more wireworms and were more easily planted than any nthei 
forms of bait. 


1. CaiiipljHl, page ^ S 


2. Spiiler, page .vl.? 



In 192.^ work was commenced to discover if the methods 
employed in America could with C(]ual success be adopted in 
England and the investigations so far indicate that in Lin- 
colnshire prebaiting, followed by the application of Lyano- 
gas Granular Galcium Cyanide, will give effective control of 
wi reworms. 


Soil and Climate. 

The experiments were conducted at Boston, Lincolnshire 
in a held four acres in area ploughed out of grass in the early 
spring of 1925. The land had carried a crop of early pota- 
toes which were to have been followed bv a crop of brassicas, 
but these failed and the land at the commencement of the 
trials in October, 1925, was more or less fallow. Some 
weeds w'ere present and numerous small potato plants and 
here and there a seedling cabbage. 'Lhe principal weeds 
w^re : — • 


C h i ck weed ( S I el I aria m edia ) 

( j r o u n d se 1 {S e nerio v u lij a ris ) 

Dandelion ( l araxu iiui officinale) 

(L)Ut Weed {Chenopodintn album) 

Thistles [Sonclius spp. and Card u us spp.) 

Couch (jrass (/I f/ropytm m re pens) 

Meadow Grass {Poa spp.) 


The soil is mainly silt wdth abundance of humic matter in 
the top 6" — 8"; and below' this depth the silt is hardlv re- 
lieved at all by the presence of humus and is referred to by 
the farmers as ‘raw' silt'. The held is well drained and w'as 
fairly dry w'hen the experiments w'ere commenced and though 
numbers of turfs were examined very few' wirew'orms were 
found; most of these w'ere located about the roots of the 
potatoes, dandelions, yarrowg and couch grass. Wet w'cather 
ensued in early November followed by hard frosty wxxather 
until mid December wdien a thaw' set in. Normally the 
rainfall in the locality is about 24" per annum falling chielly 
in summer and wdnter, the springs and autumns tending to 
be fairly dry. 


Wi reworm Content. 

The held w^as marked out and sampled, each sample, 
6" square, being examined in three 3" layers; 82 samples 
were taken and 81 wirew^orms found, from this the wireworm 
content of the held works out at approximately 172,000 wire- 
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worms per acre, for comparison two normal arable fields 
which have been ploughed up for some years were sampled 
in the same way, revealing in each case a wireworm content 
of below 4,000 per acre. In all cases the wirewornis were 
of the .hjrioles type, and adults of obsrurus are common 
in the district. 


I rials of Baits for Wireworms 

Bait rows, each 10 yards long, were laid down to test 
the powci of attraction for wireworms of germinating seeds 
potatoes, and bran and grass. 'Fhe rows were 4 fet^t apart 
and the baits were set at various depths; the bait rows were 
arianged as indicated in 1 able I and after fourteen da\s 
they were examined and the ligures given in 'Fable 1 were 
obtained. 


TAia. 


Row Xo. 

H.\it 

1. 1 

(-hopped Oolatoe.s 

) i 

( )at.s 

2. 1 

Wlicat 

4. 

('hoj)pcd Pot.'iloc.s 

5. 

1 >(‘an,s 

t). 

(Va.s 

7. 

1 ’otalocs 

N. 1 

( Iras.s 


( lal.s 

H). ; 

Wlicat 

f f- 

( Ira.^'.s 

12. 

licans 

Id. i 

IVas 

14. ! 

( /ra.ss 

15. i 

Ih'aii 

10. ! 

( )ats 

17. ! 

W’hcal 

IS. ! 

liran 

10. 1 

Oeaii.s 

20. ! 

Peas 

21. 

P.raii 


j Dkftii 

' W'lKKW (Ik MS 
.AtTK.ACTM) 

4 " deep 

41 

2 d" deep 

so 

2 d'' dee]) 

SS 

d " (k'(‘p 

24 

2 -d"' deep 

51 

; 2- .V' dee]) 

dd 

2 " dee]) 

15 

■ 4 " dee]) 

d4 

' 2-d" dee]) 

d2 

! 2 d" dee]) i 

1 40 

d " dee]) 

I 55 

I 2--d" dee]) 

41 

2 d" dee]) 1 

42 

1 i "deep 

d7 

! 4 " deep j 

04 

1 2 -,V' <l('ep i 

dS 

i 2 -,V' dc('|) ; 

47 

1 2 " (leep i 

52 

' 2-,?" deep ' 

d4 

2 -,V' deep 

02 

2 " (Ux-i) ’ 

47 


I 


from Table 1 it will be seen that the wireworms between 
every two rows had a choice and it is interesting to note that 
there are indications that this choice was made for the totals 
attracted to each bait are given in Table II. 



i)AIT 

W'lK’KWORMS 

1 A'ITKA(TKI) 

\Vheat 

1 1X1 

IWiiu 

163 

Oats 

' 15<» 

IVas 

1.^7 

P)eans 

120 

( irass 

1 120 

I'olatocs 

■ X2 


In a second series of trials these baits, omitting grass, 
were set in duplicate rows six feet apart and twenty yards 
long and examined in yard samples on the dates shown in 
'babie III. It was thought that the experiment would furnish 
information on the speed with which the baits act and again 
give some idea of the preference if any, shown by the wire- 
worms. 

'bhe results given in 'bable 1 1 1 indicate that bran attracted 
wireworms most speedily but that wheat gradually increased 
in attractiveness over a longer time. Possibly this was because 
the bran tended to become mouldy while the wheat germinated 
and commenced producing rootlets and young succulent 
plumules. Oats increased in attractiveness very considerably 
the longer the bait was exposed, but was slow in becoming 
attractive. From the experiment therefore it is concluded 
that where only a short time is available for baiting, bran or 
wheat are most likely to be satisfactory but where there is 
no pressure on time oats might be used on the score of cheap- 
ness and availability on most farms. Peas proved more 
attractive than beans, and it was found that with beans the 
wireworms tunnelled into the swollen cotyledons; a habit 
which might prove disadvantageous for fumigation treatment. 

One interesting fact established by these trials with baits, 
and hitherto not recognized in Kngland, is that germinating 
seeds exercise considerable attraction to wireworms and this 
bears out observations made in America and in Russia. 

Having compared the attractiveness of these baits it was 
necessary to determine what distance apart to set the bait 
rows and for this purpose two small trials were carried out. 
Reans and wheat were used for this purpose, the former set 
at distances varying from 1 feet to 6 feet, the latter from 
2 feet to 10 feet. The results of this test are given in the 
accompanying table. 
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Wirc- 

Wire- 


Hail 

Kiiw X<>. 

1 )istaiU'C' Ap.art 

wttnns 

\tlraetc(l 

woniis ill 

I nterspaia. 

Allrac 

1 K'ans 

1 


2 () 


; 


> 

2 t\ rl 

17 


S3' , 


a 

4 led 

13 

4 

7oa 


4 

4 ted 

14 

() 

o7A 


5 

5 feet 

14 

IS 

44' , 


() 

() le(a 

10 

41 

44', 

Wlu'al 

1 


11 


1 

1 


) 

4 feel 

13 

1 




4 fed 

() 

1 

SfV , 


4 

4 feet 

10 

1 

op, 


5 

3 fed 

s 

4 

o7', 


() 

0 feet 

11 

S 

3S' ; 


7 

7 feel 

14 

) 

S(V , 


S 

.S fe(‘t 

14 

7 

o4'; 



n feel 

47 

’ 4 

S7a' 

1 

10 

! 

10 feel 

I 

43 

4 

1 

Sf)'; 

Little could 

be dete 

rmined from 

these 

results 

but it 


coiK'liidcd to be inadvisable to space rows farther apart than 
6 feet and that if they could be spaced at a less interval the 
efficiency of the bait would be increased. In baitintjj a field 
rou^u^hly four acres in area it was found that a ‘Coultas’ corn 
drill could be set to drill rows feet 3 inches apart and plant 
28 to 25 pounds per acre. 

Tl^.STS WITH CALCHM (A A\II)1<: VOK 
W IK1'A\'( )RM roX l'KOL 

Method of Application. 

Baits were set in rows 6 feet apart and were exposed for 
fourteen days. The Cyanogas Calciuni Cyanide in granular 
form was applied to bait rows and left undisturbed for about 
a week before being examined. The material was applied 
by means of a ^Manet Jr.’ hand drill provided with a special 
opening plow which rendered it possible to deposit material 
about 4" deep. Little was known of the possible rates of ap- 
plication with this machine hence a known weight of Cyanogas 
Calcium Cyanide was applied to bait rows and the length of 
rows treated measured up. With the setting gauge fixed at 
‘Salsify’ I lb. of Cyanogas Calcium Cyanide was applied per 
60 yards linear which works out approximately 40 lbs. per 
acre. Rain had fallen during the night before the Cyanogas 
was applied and the soil was rather wet. 



Table IHr-AnKAaivKNEss uk WiREwok.vi Baits 



Dates Planted 

Total 


Dates Planted 

Total 

Total 

Bait October 


1st 12 

October 

November 

2nd 12 

lor 

13 14 

15 16 17 19 20 21 

22 23 24 Days 

26 27 28 

2*) 30 31 2 3 4 

5 Days 

Period 


Witeworns Attiactcd Wirevornis ^ 

4 3 2 6 6 6 10 9 9 11 66 2 5 4 1 2 0 

6 1 1 2 2 3 2 6 6 2 31 19 I i 15 11 5 22 

! I 

7 1 0 2 9 7 10 12 (I 5 59 3 5 1 2 2 9 

1 2 3 2 1 4 4 12 7 4 49 4 2 2 3 2 7 

I 

4 2 1 1 7 1 1 4 5 3 29 1 0 1 4 0 9 

1 0 1 0 1 2 0 10 10 7 44 2! 2 0 0 2 4 

4 2 2 12 9 5 17 7 10 3 71 4 0 2 3 3 2 

2 2 1 2 11 4 3 9 8 5 47 4 1 8 8 3 * 

2 5 4 3 8 5 7 6 15 8 63 14 6 2 7 7 17 

6 1 2 4 2 3 8 13 5 6 5 I 6 4 7 6 6 2 


2 5 4 3 8 5 7 6 15 8 63 14 6 2 7 7 17 

6 1 2 4 2 3 8 13 5 6 51 6 4 7 6 6 2 

2 1 3 6 6 2 13 6 7 5 51 6 3 2 5 5 3 

3 3 1 4 6 4 4 5 13 3 49 6 2 6 2 5 8 


14 5 1 

8 6 8 

2 14 3 

4 6 5 

4 4 3 

2 0 1 

8 14 12 

12 17 12 

9 6 4 

0 4 0 

2 2 1 


1 16 82 

2 95 126 

11 55 114 

4 43 83 

9 39 68 

4 25 69 

2 19 90 

17 95 142 

8 102 165 

7 57 107 

10 38 89 

3 37 83 










WIKKWOUMS 


Hail 

k..W Nn.j 


1)kk.sskh l*i.(»r 


L'.mki- 

.\TKI) iO.OT 


1 

1 Alive 

1 )ea(l 

Total ! 

0 Kill 

; Alive 

1 Dead 

IVas 

1 

14 

lA 

4S 


: 24 

0 



U) 

4 

20 


24 

0 


a 

A 

10 

U) 


, 17 

0 



! 4 A 

4S 

74 

51.25a 

; f tS 

0 

1 U'aii.s 

1 

10 

s 

IS 


u. 

0 


) 

5 

IS 

22 


IS 

0 



14 

25 



12 

0 




^ 51 

' so 

02.75' , 

4.0 

0 

( )at.s 

1 

IS 

4 

) > 


10 

0 


) 

s 

s 

10 


U) 

0 




10 

41 


4S 

0 



1 51 

2S 

70 

25.44', 

' SO 

0 

Wheal 

1 

) > 

5 

27 


20 

0 



<) 

5 

14 


22 

0 




10 

25 


f)2 

0 


1 

’ 40 

20 

00 

20.20', 

115 

i 0 


1 he totals of the whole trial work out at 143 wireworms 
killed out of 299, or 47.82''. 

lufluenee of Depth of Baiting. 

In order to dcterniine the iiilluenee of depth of baiting 
on the killing efficienev, rows of bait were set at depths of 2". 
.3", and 4". The baits were again exposed for fourteen days 
before the Cyanogas Calcium Cyanide was applied and rain 
commenced to fall immediately after the material was ap- 
plied. The dosage was appro.ximately 40 lbs. per acre. 
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W II<l«A\ OKMS 



Bait 


'I’rk 

\ria» 


V 

NTKK.ATKI) 


.Mive 

1 )ea<l 

Total 

Kill 

Alive 

Dead 



Total 

l^ran 2" dee]) 

24 

1 

1 12 

47 

27.f)0 




Bnin 2" (lec[) 

25 

! 0 

24 

20.47 

18 

0 

l(S 

Bran 4" dee]) 

22 

■' 0 

42 

21.42 

22 

0 

22 

Grass 2 " deej) 

10 

! 12 

2 ) 

54.54 

15 

0 

15 

Grass 2" deej) 

5 


10 


25 

1 

20 

Grass 4" dee]) 

7 

1 0 

i 10 

50.02 

18 j 

0 

18 

Potato 2" deep 

7 

! 

! 10 

20.00 

5 i 

0 

5 

Potato 2" flecp 

1 5 

i 7 

i 1-^ 

50.82 

14 i 

1 0 

14 1 

Potato 4" deej) 

1 

i 12 

1 

! 7 1 

1 

1 10 

20.84 

! 

22 ! 

1 

0 1 

22 

I'otals 

1 12S 

1 

1 S2 

! 

' 221 

1 


I4n ! 

! 

1 

150 



5-26 


From this test it was coiuiudcd that 3" is the most satisfactory 
depth at which to set baits when the Cyanogas Calcium Cy- 
anide can be set only at a depth of 4". 


Relation of 'fime of Exposure of Cyanogas Calcium Cyaniilc 

to its Toxicity. 

In this test six rows of beans were used and after having 
been sown fourteen days, the rows were drilled with Cyan- 
ogas at the rate of 40 lbs. per acre. The hrst three rows 
were examined after six days and the second three after 
twelve days; the results are found in I'able VIE 

The difference in the percent kill is so little that, 
although the numbers are too small to draw any definite 
conclusions, the indication is that as far as toxicity to wire- 
worms is concerned, Cyanogas Calcium Cyanide is likely to 
kill the great majority during the first six days after applic- 
ation. 


'I'AliLK V'll. 


Bait 

Row 


WIRKWORMS 

n 

Alive 

j D«k1 

Total 

1 

6M<ill 


Beans 

1 

2 

'i s 

10 




2 

1 

i ^ 

3 

1 




1 

i 4 

5 

J 




1 4 

i 14 

J8 

77.7'.i ’ 



4 ! 

1 1 

: 1 1 

2 

, 



5 

! 0 

' 5 ' 

5 




6 

2 

' 5 

7 



! 

j 

A 

! 

^'11 " 1 

1 

14 " 

1 78.5',; 

i ,.-.J 


The InHuenec of the Dosage of Cyanogas Calcium Cyanide 
per Acre on Toxicity. 

Fifty rows, 5 feet apart, each 10 yards long, were drilled 
with wheat 2" — 3" deep and after fourteen days were treated 
with Cyanogas Calcium Cyanide at varying weights. 4 he 
material was applied at a depth of 4" with the ‘Planet Jr. 
hand drill. The results are given in Table VI IE 



’I'aiii.k VIII. 


V No. 

I Irrssiim o 

1 ('> aiio.ua.s 

Per 

Acre 

1 

34 

11)S. 

2 

.V) 

I1)S. 


45 

ll)S. 

i 

51 

Ills. 

5 

50 

11)S. 

() 

02 

11)S. 

7 

0,S ll),s. 

8 

73 

11)S. 

<) 

70 

11)S. 

10 

X5 

11)S. 

11 

90 

Ills. 

IJ 

^)0 

Ihs. 


102 

11)S. 

14 

107 

11)S. 

15 

113 

11)S. 

10 ' 

110 

Ills. 

17 

124 

lbs. 

IX 

l.U Ills. 

10 

130 

lbs. 

20 

143 

lbs. 


I)rkssi:i> Pl.ors 


I’ldt 1 1 

IMot 2 

</< Kill 1 

Kill 

! 


f)0'; 

70', 1 

7o'f 


Xl',' 

7X'y 

04', 

Of)'; 

70', 

X4'; 

X2'; 

xo' ; 

7X' ; 

9u; 

01'; 

03'; 

100'; 

03'; 1 

XX' ; 

07^; 

03', 

1(K)S' 

100', 

00', 

1(X)', 

'4'; 1 

100' ; 

01 c; 1 

100', 

Of)'.; : 

100'; 

lo;)'; 

100'; 

05', ' 

100',' 

07',' 

100',' 

100', 

100',' 


In ten untreated rows whicli acted as a check 137 wireworms 
were found and all were alive. In this test over 90V kill 
was ()btained with 73 lbs. per acre of Cyanogas and when the 
dressings reach 90 lbs. per acre there is no drop below 90'< 
kill. Under conditions at Boston, Uincolnshire, therefore, 
the indication is that 90 to 100 lbs. of the material per acre 
used judiciously will give satisfactory control of wireworms. 


General Conclusions. 

Work in England bears out the fact that Cyanogas Cal- 
cium Cyanide is definitely toxic to wireworms and when used 
in conjunction with suitable systems of prebaiting, is likely 
to prove an economic method of controlling this pest. 
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METHODS OF APPLICATION 

1 he grower should schx't the method of application 
which will fit in most economically with the sexeral factors 
involved such as; profits to be expected from the crop which 
follows, the nature of infestation, time of vear application is 
made, and the relative amount of ori^anic matter in soil which 
might serve as counter-attractant to wi reworms, d'he methods 
of applying Cyanogas Calcium Cyanide have been desig- 
nated as: 


1 — Prebaiting Method 

2 — I.ive Bait Method 
C Broadcast Method 

lh<EBAlTlX(; MkthoI): This procedure is recommended 
in preference to the other methods which follow. It is econom- 
ical and is certain to give the desired results. Jt is, how'ever, 
dependent upon the forethought of the grower for its success 
since it must be applied ahead of the season’s crop. 

The infested held is plowed and disced as early in the 
spring as possible. A bait of seeds is drilled in continuous 
rows, twa) and one half to three feet apart at a depth of two 
and one half to three inches. Lima beans, Kentucky Wonder 
beans, split peas, corn, wdieat, bran and cotton seed have all 
been used wdth success as attractants. 'Phis bait should be 
drilled at a time wdien wdrewairms are beginning to show’ 
activity in the spring or usually about the time the soil tem- 
perature has reached a point w’here seeds wall readily germ- 
inate. 

1 w’o wxeks after the seed has been drilled, the majority 
of the wdrew’orms wall be concentrated in these row’s feeding 
on the bait. This time factor can be checked by making dig- 
gings in and betw’een the bait row’s (Fig. I ). If these diggings 
fail to disclose any appreciable number of w’orms betw’een the 
rows, it is time to apply the fumigant. The Cyanogas Calcium 
Cyanide is drilled into the ground along the rows of seed wdth 
any seed drill w’hich is used in ordinary farming operations. 
The amount applied should be about six pounds to each one 
thousand linear feet. Where the rows are feet apart the 
amount of Cyanogas used wdll approximate one hundred 
pounds per acre. The Cyanogas should be drilled in to 
the depth of the seed bait or slightly below it. The material 
will thus be placed at the level of wireworm concentration. 



Althoiii^h experiments have shown that cffeeti\’e kills of wire 
worms may be obtained at a distance of three inches from the 
C'vanogas, the best results have been obtained where the Cy 
ano^as Calcium Cyanide Avas drilled so that it followed the 
bait ro\vs closely. 

Sex en days after the C'yanogas Calcium Cyanide has been 
applied, the held may be prepared for plantinii; the ree:iilar 
crop, 

hAperiments have shown that when a lield is cleared of 
wireworms, the crop grown on such a held the succeeding 
year is free from wireworm damage (Fig. x). Thus the cost 
of treatment with Cyanogas Calcium Cyanide may be distrib 
uted oxer a period of three years, since this time xvould haxe 
to elapse before larxae hatching from eggs laid the year after 
treatment xx'ould be large enough to cause serious damage. 


Iavk Bait Micrnoi): This procedure is very effective and 
may be used by the groxver xvho has failed to clean up his held 
before planting his crop and who hnds that the infestation is 
localized in small areas of the held, d'his method has been 
so named because the live, growing plants are the bait upon 
which the xvirexvorms are concentrated. Such crops as corn, 
beets, sugar beets, cabbage, and tobacco may be cited as ex- 
amples of crops in which these areas of infestations are often 
sharply dehned. 

'The treatment xvith Cyanogas Calcium Cyanide, should 
be applied xvhen the xvirexvorms have concentrated at the roxvs. 
If the crop is groxving in continuous roxvs the C'yanogas should 
be drilled into the ground at the rate of six pounds to lOhh 
linear feet as close to the roots of the small plants as possible. 
Applicaticni should be made at the depth of greatest xvirexvorni 
concentration. 

If the crop consists of individual plants in hills such as 
cabbage, tobacco, or field corn, the xvirexvorms in localized 
areas may be killed by treating the individual plants. A hole 
about three inches in depth is made xvith a sharpened stick 
close to each plant and about }i oz. (six grams) of Cyanogas 
Calcium Cyanide placed in the hole and covered xvith earth, 
rhe gas will penetrate the soil about the roots of the plant and 
kill the feeding xvirexvorms. The plants in the treated area 
may be killed by the Cyanogas Calcium Cyanide but they 
xvould probably have been killed by the xvirexvorms or have 
been so stuAted in groxvth as to be unfit for market. 
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It is possible to prevent injury to nearby uninfestcd plants 
by cleaning up these small areas of infestation. If such cleanup 
is not obtained, the wireworins move along the rows and 
attack fresh plants after killing those upon which they have 
been feeding in the original area. It is also possible, by kill- 
ing wi reworms in this manner, to reset or replant such areas 
and obtain a good stand of plants. If the wireworms have not 
been killed, the resets will be attacked as severely as were 
the original plants. Failure to make a cleanup often necessi- 
tates replanting several times before a stand can be obtained. 
In replanting such a crop as corn wdiich is evenly spaced and 
cultivated in both directions it is necessary to wait one 
week after treatment of a hill before replanting in order that 
the gas from the Cyanogas Calcium Cyanide will be entirely 
dissipated. In the case of crops in rows cultivated in only one 
direction, such as tobacco or early cabbage, the resets may be 
planted immediately if plants are set about six inches distant 
from point of treatment with Cyanogas Calcium Cyanide. 

This method of application, while very effective, is rec- 
('mmended only in those cases where the grower has failed to 
use the Prebaiting Method in early spring before planting the 
crop. 



Fio. 5. — Plow Applicator Used to A])|)ly Cyanogas in 
IMow P'urrow. — Azusa, Calif. 


Broadcast Mktjiod: This method is best suited for use 
on those fields where there is a considerable amount of organic 
matter in the soil which would render a bait crop ineffccti\e. 
The field to be treated should be plowed as late in spring as 
possible so that the wireworms will all move above the depth 
of the plow furrow. A device is attached to the beam of a 
walking plow which scatters the Cyanogas (iranular Calcium 
eVanide in the bottom of the furrow ahead of the plow at anv 
desired dosage (big. 5). 

Where such a device is not available very satisfactorv re 
suits have been obtained by drilling the Cyanogas into 
the furrow with a fertilizer drill of the wheel-barrow tvpe or 
with a seed drill. In any method the Cyanogas should 
be covered over immediately with soil to prevent loss of the 
gas. The dosage should approximate 40() pounds per acre. 

DESIRABILITY OF METHODS COMPARED 

ICich of the methods in which Cyanogas Calcium C'yanide 
may be applied has certain advantages which must be taken 
into consideration by the grower who plans to use the material. 
The choice of method is dependent upon the time factor, value 
of the crop to be grown, and season of the year. 

'The Prebaiting Method and the Live Bait Method, have 
the following advantages over the Broadcast Method : 

1 - Cheaper -xO.OO per acre or less, depending upon the 

spacing of the bait rows and the cost of bait used. 

2— More efficient-over a wider range of conditions 
because the depth and location of the wireworms 
are definitely known and the Cyanogas Calcium Cy- 
anide can be applied at the same depth or slightly 
below them. 

2 — Badly infested spots can be readily located by exam- 
ination of the trap crop or the live bait, thus elimin- 
ating the necessity of treating non-infested portions of 
the field. 

The Broadcast Method has the following advantages: 

1 — Less time required. 

2 -Can be used in fields containing large (]uantities of 
wi reworm food, when it would not be possible to 
attract the worms to a trap crop. 

2 — Can be used at seasons when worms are more or less 
inactive. 



FACTORS WHICH INFLUENCE RESULTS 


The following factors should he given careful considera- 
tion when using Cyanogas Calcium Cyanide for wireworni 
control in order that maximum results may be obtained. 

1. Soil moisture Knough moisture for usual growing 
conditions. Dry enough to be easily worked. If soil 
is too wet, gas does not permeate readily. 

2. C^)ndition of soil, h'or best results soil should he 
freshly plowed before baits are sown and finely pul- 
verized with disc or drag. 

X. Depth of treatment. Cyanogas should he placed at 
a depth which is eijual to or a little lower than the 
level of wi reworm concentration. 

4. Distribution. Machine should be used which will 
give even distribution of the Cyanogas Calciun'i Cy- 
anide. 

v Cyanogas should be coxered with soil immediately 
to prevent the loss of gas in the air. 

6. Season. Spring treatments with gradually rising 
temperature of soil are somewhat more effective than 
fall treatment when soil temperature is dropping. 

7. Timing of Treatment. In case of prebaiting a period 
of two weeks should elapse before sowing of bait and 
treatment with C^yanogas Calcium Cyanide. 
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A recent paper, discussinj^ the control of wirevvorms in 
the Eastern United States by J. U. Horsfall and C. A. Thomas, 
is reproduced from the Journal of Economic Entomology, 
Vol. 19, No. 1, February, 1926, p. 181. 


A PRELIMINARY REPORT ON THE CONTROL OF WIREWORMS 
ON TRUCK CROPS' 

By J. L. Horsfall and C. A. Thomas 
Abstract 

During recent years, wireworms have caused much damage to truck crops in the 
Philadelphia area. Prelinjinary experiments indicate the possibility of controlling 
these pests successfully with, calcium cyanide used as a soil fumigant. The use of a 
trap bait in the spring followed by an application of granular calcium cyanide before 
the crops were planted, gave the most promising results. Summer treatments killed 
many wireworms, but caused injury to cabbage and celery. Fall treatments were 
only partly successful, due to the depth of the insects in the soil at this time, their 
decreased activity, and to other factors. 

During recent years, wireworms of the genera Pheletes and Agriotes 
have caused severe injury to beets, carrots, cabbage, celery, parsnips, 
potatoes and corn in southeastern Pennsylvania, especially in the in- 
tensely cultivated area about Philadelphia, where the land has been 
under constant cultivation for years. 

The failure of the usual measures recommended to control these insects 
on field crops, to check them under truck crop conditions, made it 
necessary to try out other control methods. Accordingly, in the spring 
of 1923 , tests with granular calcium cyanide as a soil fumigant were 
made on wirewonns feeding on cabbage roots. ^ Since that time further 
tests were conducted to determine the best method of applying the cya- 
nide, and to find out at what time of the year best control could be ob- 
tained. For the latter, treatments were made during early spring before 

‘Published by permission of the Director of the Agricultural Experiment Station 
as a part of Project No. (598. Contribution from the Department of Zoology and 
Entomology, The Pennsylvania State College, No. 404. 

journal of Econ. Ent., 17, No, 1, Feb. 1924. p. 160. 
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the crops were planted, in the summer while they w-ere ^TOwing, and in 
late fall after all crops were hai*vested. 

Spring treatments with calcium cyanide were made as follows; 

1. Cyanide drilled into tlie vSoil after the planting of baits. 

2. Cyanide broadcasted by a lime-spreader, and then plowed under. 

2. Cyanide placed in jdow furrow by drill, then covered. 

4. Cyanide distributed by applicator attached to plow. 

1. Cyanide Drilled into the Soil after the Planting of Baits 

A held heavily infested with wnreworms was disked and planted with 
sw^eet corn, 2/2 inches deep, in row\s 4 feet apart. At the time of plant- 
ing (April 7), no wirenvorrns W’ere found in the upper seven inches of 
soil, but by April 25, they W'ere present in the rows feeding on the com. 
At this time, granular calcium cyanide was applied to the surface of the 
soil immediately above each row^ of corn by means of a wheelbarrow 
fertilizer drill. A man follow^ed close behind with a small tractor culti- 
vator, and worked the cyanide into the soil to a dej./th of three inches. 
Part of the field receh'cd 100 pounds per acre, the remainder 200 pounds 
per acre. 

Diggings in the rows one hour after treatment showed a kill of from 70 
to 80%, the higher percentage being found in the 100 pound plot. Dig- 
gings several days later, how^ever, show’ed that many wireworms had 
migrated to the corn from betw’een the rows, even though the odor of 
cyanide gas w'as still evident in the rows. Thk would seem to indicate 
that the gas did not have much, if any repellent action a.gainst the in- 
sects. It also shows, as did diggings bctw’een the rows after the latter 
were treated, that the application v/as made too soon, for many wire- 
worms wxrc found still some distance from the corn. The low soil tem- 
peratures which prevailed betw^cen the planting of the corn and treat- 
ment also slowed up the movement of larvae into th^^ Row; 

planted 2 feet apart instead of 4 feet w'ould undoubtedly have giver 
better results. 

Plowdng the soil before it is di.sked and planted to the traj) ciop would 
facilitate the mo\ ement of the wireworms to the corn. Small scale 
exjierimcnts on deidh treatment of the insect:, in flower p'ots likewise 
show that the use of a dnll which would plar-/. the (wmnide at the level 
of or bekjw the baits, is a much nu/re effecti\'^^ method of a])plying the 
material, and reduces the amount of cyanide rermired. 

Carrots planted later on tlie plots described .;i>')\ e, showed at haiwest 
time 2.84 per cent injury in the plot receiving iOO pounds of cyanioc, 
and slightly more than 4 per cent injury in the plot receiving 209 pomvVv 
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2. CvANiDri Broadcasted by a Lime-spreader and then Plowed 

Under 

In April, 1925, a one acre field was divided into four equal plots, and 
granular calcium cyanide was drilled upon the surface of each by a 
horse-drawn lime-sj;)reader ha\’ing a width of S feet, and with holes 8 
inches apart in the bottom of the hopper. The field was then plowed 8 
inches deep with a double plow drawn by a tractor. At the time of 
treatment wireworms were, abundant in the field, about 85% of them 
being in the top four inches of soil. This treatment gave a kill of over 
70 per cent in all plots, with the greater kill in the plots receiving the 
heavier dosages. 

Two weeks after treatment, carrots and parsnips were planted in all 
four plots. The following table shows the results of treatments, the 
dosage given each plot, and the number of days the cyanide gas remained 
in the soil after treatment. 


IMot 

Lbs. of Last 

No. ft. 

No. of 

of Carrots % of parsnips 

Xo. 

Ca(CX); positive CN 

of row 

carrots 

injured by 

injured by 


iiso'l test 

c.xaniined 

examined 

wireworms 

w’ireworms 

1 

75 8 (lavs 

585 

1780 

4.30 

0 

2 

112 5 ‘‘ 

G12 

20SS 

3.51 

0 

4 

150 12 “ 

600 

2105 

8.28 

0 

•1 

250 12 

GOO 

2098 

5.70 

0 


The check on these plots was a field several hundred feet distant 
from the al)o\T' treated plots. This field which showed approximately 
the same number of wireworms as the treated plots, later showed about 
12 per cent injury to the carrots. 

This table shows that cyanide treatments considerably reduced the 
amount of damage. The greater per cent of injury in the 4th plot was 
found to be due to the migration of wireworms into it from an adjacent 
untreated plot. The inside rows of this plot showed approximately 2.5 
per cent injury 

None of the growing parsnips were damaged by the wireworms. 4 he 
seed is often eaten by them after planting, but in these plots the absence 
of injury was due to the killing effects of the treatments. By the time 
any wireworms had moved into the treated plots, the plants had reached 
a stage when they were apparently not attractive to them. 

4. Cyanide Placed in Plow Furro\y by Drill, then Covered 

In this field, furrows 14 inches wide and 5 inches deep were plowed, 
and granular calcium cyanide at the rate of 800 pounds per acre was 
placed in the furrows with a wheelbarrow fertilizer drill. The cyanide 
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was covered at the next round of the ])lo\v, Maine Cobbler potatoes 
were planted ten days later. An adjoining untreated half acre was used 
as a check. 

Counts and weighings of potatoes at digging time showed 17.2 per 
cent injury l)y wireworms on the treated field, and 37.3 ]')er cent injury 
on the check. I'hc amount of injury in the treated i)lot indicates that 
either the dosage was not heavy enough, or that the rows of. cyanide 
were drilled too far apart. The plants on the treated field were greener 
and larger, indicating that the cyanide has some stimulating effect. 
Yields from these fields were as follows: treated field- 30S bu. per acre: 
check 21 1.fi bu. per acre. 

In the spring of 102.’) these two fields were drilled with the same kind 
of beet seed at the same time. Examination during the summer showed 
an excellent stand of beets in the field treated last year, only five plants 
in the whole field dying from wireworm attack. Itrthe adjacent field 
which had received no |)re\dous treatment, wireworms destroyed over 
50 per cent of the stand, 'fhis would seem to indicate that the 1924 
treatjnent so cleared \ip the infestation in the treated field, that there 
was but .slight injury during 102.’>. 

4. Cyanide Distriiu tkd hv Applicator Attached to Plow 

In 1924, a i)lot infested with wireworms was treated with calciiuu 
cyanide by means of an api)licator loaned by the American Cyanamid 
Comi)any. This was attached to the plow in such a manner that the 
cyanide was drojjped just ahead of the plow blade, and was turned under 
at the next round of the |>low. 225 ]:)ounds of cyanide per acre were 
applied. Double plows digging a furrow 5 inches deep, and placing the 
cyanide in rows 2<S inches apart, were used in this experiment. 

The field was planted to carrots ten days after treatment. Counts in 
August showed that wireworms had injured 17 per cent of the crop. 
The use of the applicator on a single plow would have placed the rows 
of cyanide closer together, and probably would have given better results. 

It is interesting to note that only 5 plants out of a total of 5000 planted 
in this field the year following treatment were killed by wireworms. 

Treatments with calcium cyanide have also been tried in simimer 
during the growing season against wireworms attacking the roots of 
cabbage, and the roots and crowns of celery. The cyanide was applied 
around the base of cabbage plants in .several different ways, and although 
it killed many of the in.sects, it also killed the plants. Simmier apph- 
cations for wirewonns on cabbage, therefore, cannot be recommended, 
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though they would ])C of value in cleaning up a l)adly infested area, and 
thus preventing spread to ■niinfested portions of a field. 

In the case of celery, two different methods were tried. In one series 
of experiments varying doses of cyanide were jjlaced in furrows close to 
the plants and covered with soil. liixaminations showed that a large 
percentage of the wireworms fcc'ding on the outside of the roots were 
killed, but that dosages strong enough to kill them in the crown of the 
plants, were also fatal to the ])lants. In the second scries of experiments, 
com was drilled between the celery as a bait crop at various distances 
from the plants. vSubsecjuent diggings showed that the corn failed to 
serve as a lure, the insects remaining on the roots and crowns of the 
celery. 

In November, 1925, small plot experiments were tried in which the 
cyanide was placed in holes 0 to 8 inches deej), in soil containing larvae 
and adults of Pheleks agonus Say, the common destnictive wireworm in 
the Philadelphia area. This is the dei)th usually attained by fall plow- 
ing, Only fair success resulted from these experiments for which the 
following reasons may be given: in late ()ctol)er the larvae of this species 
are moving down in the soil; by mid-November, a large number of them 
are below the plow line, and beyond the influence of calcimu cyanide 
placed at that depth, especially if the soil and subsoil contain a high 
percentage of moisture at the lime of treatment; the larvae are less 
active at this time, and see]]i to .succumb less readily to the gas; many of 
the adults are also below the plow line, and are not attracted by baits 
at this time of the year. It would thus seem that fall treatments for 
these insects are not practical. 

Summary 

Calcium cyanide is the best soil fimiigant found thus far for the con- 
trol of wirewomis on tmek crops. 

Spring treatments have given the best control of these [)csts. 

Of these spring treatments, drilling in the cyanide after the insects 
have reached a previously-planted bait crop, has been most cfTective. 

Summer treatments of cabbage and celery are not recommended be- 
cause of toxicity to such plants. 

Fall treatments, up to the pre.scnt, have not pro\'ed practical. 
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THE CONCENTRATION OF WIREWORMS BY BAITS BEFORE 
SOIL FUMIGATION WITH CALCIUM CYANIDE 

By Roy E. CamphivLL, Bureau of EntomoJoyx, U. S. Dept, of A pri cull u/c^ 
Ahstraci 

Apj)lications of 200 to ^iOO jxjunds of granular cakiinn cyanide to the acre with a 
grain drill under certain conditions will kill a high ])(‘rccntagc of the wirewornis in 
the soil, but ordinarily this trcatnient is too exjiensive for commercial use. 'J'hereforc, 
advantage was taken of the fact that wireworm.s will collect in rows or hills of seeds, 
and several kinds of seeds were planted as 1)aits to concentrate' the wirewornis in rows. 
By this method a fairly heavy dosage can l»e a|)])lied to the l»ait<'d rows, and the 
amount required to the acre will Ix' considerafily less than in broadcast treatment. 
Beans, peas, and corn all jiroved satisfactory atlractants and concentrated a large 
percentage of the wirewornis in the rows, d'he effectiveness of the liaits was reduced 
if other foods, such as tlie remains of an old cro]), wen- left in the field. J'lxjicrimcnts 
showed that the most satisfactory amiuml of calcium cN'anide, considering both the 
lethal effect and the cost, was o to o.fi pounds ]>er 1,000 feet of row. For baited row's 
214 feet ajiart this will amount to a little U'ss than lOt) pounds per acre, and for rows 
of greater or IcvSS width, the quantit\’ will be decn'ascd or incrcasixl accordingly. 
The percentage of W'iri'worms attracted to the liaits decn'ascd as the width of the 
rows incTcased, being 00 per cent for 2-foot niws and SO jxt cent for 1-foot rows. 
Commi'rial ayiidications by several growers ga\-e satisfactor\- results. 

In a j)rclimiiuiry report on llie use of c'aleitim cyanide tis tt soil fumi- 
gant for tvireworms," it was shown that this nuiterial is dec idedly toxic 
to these insects, d'hree linndred and fifty jxninds or more per acre 
applied with a grain drill killed lt)t) |)er cent of the wonns, while ISO to 
200 pounds ])er acre killed, on an average. 70 fter cent, and under favor- 
able conditions as high as 100 jter cent. 

At the time this re].)ort was made, some of the ex])erimcnts at To[)- 
penish, Wash., were still in progress. In one series an attempt was made 
to find out the effect of handling the soil, both jmior to and sul)sec|uent 
to the cyanide ai)])lication. Certain ])lots were ])lowed 7 inches deep 
and then treated with different amounts of cyanide. Some of the plots 
were gone over with a culti-i)acker immediately after the cyanide was 
applied, and otheys were left undisturbed after the treatment. Still 
other plots were double disked 4 inches dee]) and given the same appli- 
cations and treatments as the plowed plots. The results are shown in 
Table 1. 

The results of the experiments reported in Table 1, in so far as the 
percentage of wireworms killed was concerned, were unsatisfactory. 
This may be attributed largely to the fact that the experiments w’ere 

^Mr. John N. Stone assisted the writer in the field work reported herein. 

^Preliminary report on the use of calcium cyanide as a soil fumigant for wireworms. 
Jour. Econ. Ent. Vol. 17, Oct. 1924, pp. 562-567. 
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Table 1. — Comparison of the Results of Calcium Cyanide Applications on Plots PLowi 
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made in ]une when the wirewomis were be^inniiv^ to deeper into the 
soil, and so were not reached by the cyanide as ri])i)lied w ith a ^rain drill 
to a depth of 4 inches. A lar^e niaiority of the li\ e wirewonns were be- 
low the cyanide. 

The experiments show, however, that tlie plots ])lo\ved 7 inches deep 
just prior to the cyanide apidication all produced better results than 
those double-disked 4 inches dee}). The ])lowinpe goinp^ d inches dee})cr 
than the diskinpc turned up more womis, which remained in the moist 
soil near the surface and were exposed to the cyanide fumes. Also, 
with one exce})tion, the |)lots which were packed immediately after the 
cyanide applications showed better results than those' which were not 
packed, although the difference was not great. 

In each })lot 10 hills of })otatoes were dug nt harvest time, and the 
numl)er of })otatoes damaged by wirewonn feeding or “stings” counted 
and compared with a check on two sides of each })lot. The percentage of 
wirewonns killed was low, ranging from a minimum of 00.12 to a mnxi- 
mum of 84, which was not sutTicient to show much benefit from the 
treatment. 4'he percentage of undamaged |)otatoes in the })lots varied 
from 4.5 to 40.8 more than in the check, but in no case did the value of 
the increase equal the cost of treatment. 

Results of these ex])eriments compared with those of others indicate 
that the disk grain drill did not ap|)ly the cyanide to a dcj)th great 
enough to reach the majority of the wonns. Another factor which 
affected tlie efficiency of cyanide was the tem})erature of the soil, whieh 
on rising, accompanied by loss of moisture, caused the worms to go 
deeper into the soil. 

These exi)erimcnts as well as ])revious ones demonstrate that an 
application of calcium cyanide to the soil will kill wirewonns, but owing 
to the large amounts required when it is sown broadcast in fields, the 
expense involved is too great for its general use. If the treatment of 
wirewonns with calciimi cyanide is to })r()ve ])racticable, a means of re- 
ducing the amount to be used must be discovered. 

It is a well-known fact that wirewonns will collect in rows or hills of 
seed crops. It was believed that advantage could be taken of this 
habit in control by soil fumigation, to concentrate them in restricted 
areas through the use of baits, and then treat these areas with calcium 
cyanide. By this method less material per acre would be required than 
when the calcium cyanide is sown broadcast. Accordingly, a series of 
experiments was conducted in which corn, })eas, and Kentucky Wonder 
beans were used for baits. A heavily infested field which had previously 
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been i)lantcd to beets was selected. It nltiniately proved that this was 
an unfortunate selection, for it was observed that the beets left in the 
field acted as counter-baits and reduced the efficiency of the planted 
baits. In the initial cx])eriments the baits were planted in rows (3 feet 
apart, but subsequent experiments showed that a lesser distance would 
have increased their effectiveness. The efficiency of the baits is shown 
in Table 2: 

Tahi.e 2. — Effectiveness of Different Baits Planted in Rows 0 Feet Apart, 
Used to Attract Wireworms Prior to Treatment with Calcium Cyanide 


Bait used ]\t cent of Number of Number of 

effect i von ess' experiments worms counted 

Beans SH 4 183 

Peas 74 7 200 

Com 67 7 335 


'The figures in this column were arrived at by com])aring the number of worms 
per square foot in the rows and the number per scpiare foot between the rows. 

The baits were planted on May 27 and treated with various amounts 
of calcium cyanide on June 28. A hand drill which placed the material 
about 3 inches deep was used both for planting and ap])lying the seed 
bait and calcium cyanide. Wirewonn counts were made on July 1, 
and on October 2 ten hills of potatoes were dug in each plot and check 
plot. 

Table 3 shows the results of applications of various quantities of 
calciiuTi cyanide, after the wonns had been attracted to baits, giving the 
number and percentage of wonns killed, the effectiveness of the baits, 
the percentage of injured potatoes in the plots as compared with those in 
the checks, and the gain or loss as compared with the cost of the cyanide. 

That the hand drill did not place the baits and cyanide deep enough 
was indicated by the fact that practically all of the live worms in the 
rows were l^elow the cyanide. An inch or two deeper would have greatly 
increased the kill, since the worms are mostly from 4 to 6 inches deep at 
this time of year. The increase in uninjured potatoes over the check 
plots varied from 2.7 per cent for the lightest application to 35.8 per 
cent for the heaviest, and averaged 18.4 per cent for all the plots. 

Considering the low efficiency of the baits, caused by the presence of 
the refuse beets in the field, the increase in undamaged potatoes is con- 
sidered quite satisfactory, four of the plots showing good profits even 
under the adverse conditions of the experiment. 

Experiments in Southern California in 1925 

Encouraged by the results obtained in the State of Washington in 
1924, further experiments of a similar nature were made in southern 
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Since the unit area was 24 inches in length and 6 inches in width, the area between rows was taken from center to center of the 
ea between row's and 24 inches long. These percentages then w’ere based on the calculated number of w'irew'orms in this area. 
*In these experiments both whole beans and “splits" were used. 
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California in 1025, where conditions were somewhat different. Beans, 
corn, peas, and a miscellaneous mixture were used as baits and. planted 
in rows 2, 2.5, 4, and 5 feet apart. This work was all done on land 
which had been kept free of plant growth during the winter. The 
experiments were begun in April soon after the wonns became active. 
The effectiveness of the baits is shown in Table 4. 

There a])]xared to be little difference in the attractiveness of the 
several baits used, but the experiments indicate that as the distance 
between the rows increases the percentage of wireworms attracted to the 
baits decreases. 

Since crops are ])lanted in rows of different widths, the rate of appli- 
cation per acre will necessarily be considered with regard to the width of 
the row. The following table gives the variation in the rate per acre of 
various amounts ])er 1,0()() feet of row, for rows of different widths. 

Table 5. — Rate per Acre for Certain Amounts of Calcium Cyanide per 1,000 
Linear Feet of Row, for Rows of Different Widths, 


Lbs. per 1,000 ft. 
of row 

2' 

Distance apart of rows 

2.5' 3' 4' 

5' 

4.5 

98.2 

78.6 

Pounds per acre 
65.4 

49.1 

39.3 

4.S 

104.8 

H3.8 

69.8 

52.4 

41.9 

5.0 

109.2 

87.3 

72.7 

54.6 

43.6 

5.5 

120.1 

96.0 

80.0 

60.0 

58.0 

6.0 

131.0 

104.8 

87.2 

65.5 

52.4 

6.3 

137.5 

1 10.0 

92.6 

68.7 

55.0 

7.0 

152.8 

122.3 

101.8 

76.4 

61.1 

7.7 

168.1 

134.5 

112.0 

81.0 

67.2 


A number of experiments were made early in the season of 1925 to 
detennine both the attractiveness of the bait and the effect of the cyanide. 
Results of the tests have been included in Table 6, which shows the re- 
sults of different strengths of cyanide applied in rows where trap crops 
had previously been planted. 


Table 6. — Effectiveness of Different Amounts of Calcium Cyanide Applied 
IN Rows of Different Widths after the Wireworms had 
BEEN Concentrated by Baits 


Lbs. per 1,000 ft. 

Per cent of wonns killed 

No. of 

Number worms counted 

of row 

Max. 

Min. 

Avg. 

experiments 

to get per cent of kill 

4.5 

100 

60 

8:L99 

14 

235 

4.8 

90 

80 

86.5 

9 

203 

5.25 

100 

87.5 

90.8 

5 

66 

5.5 

100 

70 

90.8 

24 

434 

6.3 

96.43 

95.23 

95.8 

2 

70 

7.7 

100 

100 

100.0 

1 

28 
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The (lata (4)taine{l indicate that as the dosage increases the mortality 
increases. It also indicates that an avera^^e kill of |)rac1icallv 91 per 
cent was obtained by nsin^ from 5.23 to 5.5 jjoimds |)er 1,0{)() feet of row. 
By refereiK'c to Ta])le 5 it appears that this rate is a])|)r()ximatcly 90 to 
too ])oimds per acre for 2.5 ft. rows. This amount is suy^^csted as the 
best f()r y,cncral |}iir|)oscs. The cost is al)out $2().()() ])er acre for rows 2.5 
feet apart, and less or more ac'cordinjt as rows of less or greater width are 
used. 

On hcarinp^ of the results obtained in these c.xperimcnts, several bean 
yrowc'i’s decided to make C(»mmercial treatments of an ac're or more on 
their infested lands. In some fields split fx’ans were drilled in for baits, 
while in others the lima l)eans which had been planted for a crop became 
so badly infest(.'d that the.se were treated. The cyanide was drilled in 
with the Wmtura. type 4-row l)can |)lanter, all rows beinp^ 2h'2 feet ajiart. 
All of the work was done by the I’lwers themseha's, under pxmeral direc- 
tions. Ih'om 10 to 20 feet of row were examined in several i)arts of each 
field, and the number of dead and live wonns coimtcd. In most fields 
examinations made between the nwvs showed the l)aits about 1)0 per 
cent effective, and in several fields practically 100 ])er cent effective. 
In tests where two a])i)lications of 45 and 70 T)ounds of cyanide ])er acre 
were made, an average kill of 50 per cent resulted. Where 7 applica- 
tions of from 1)0 to 1 10 p(junds pyr acre were made, the kill varied from 
79 to 100 ])er cent, while one application at 145 pounds per acre resulted 
in a kill of 100 per cent. 

In all of the ex|)erimcnts reported in this paper, .yranukir ealcium cyan- 
ide was used. This is a cmde cyanide gnjund to the fineness of coarse 
coffee, and with a cyanide content equivalent to from 40 to 50 per cent of 
sodium cyanide. Laboratory and field experiments were perfonned with 
a dust form of calcium cyanide, which had a sodium cyanide equivalent 
of from 25 to .35 per cent. This gave poorer results, and, moreover, in 
the fine dust fonn, was b(Th more unpleasant and difficult to handle 
than the granular form. 


ssiu'cl October 25, 192b. 
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Dljstin(j- Opkn Air 

In 1922, Professor W. I\ I'lint, State Kntomoloi;ist of 
Illinois, tried out a series of dusts consistin^i^ of powdered 
Cyanogas Calcium Cyanide mixed with ground spent tobac- 
co dust. These dusts were blown over chinch bugs infesting 
grass and corn stalks. An account of this work is given on 
page 7-2 and is the earliest published reference to the use of 
Calcium Cyanide for open-air dusting. 



1-0. -1 )tisting for (jrape 1 A’aflioppcr, lni|)crial Valiev. Calitoriiia. 

Ap])lication with Hand Duster to 'Tree drapes. 

GRAPE LEAFHOPPER 

Karly in 1923, Mr. H. Knight and Mr. F. C. Greer 
(experimented with a mixture of pulverized Cyanogas Cal- 
cium Cyanide and hydrated lime for control of the (irape 
Teafhopper, Erythroneura comes Say, in California (big. 
1-6), The account of this work was published in the Report 
of the College of Agriculture and Agricultural Experiment 
Station, University of California, 1922-23, p. 100. 


Grape Leaf Hopper Control with Calcium Cyanid Z/.v.vf.— Grape vines at Oasis 
Coachella Valley, were dusted by II. Knight and R C. Greer with pulverized 
calcium cyanid and hydrated lime with proportion.s of 10, 25, 50, and 100 per 
cent cyanid. Dust when used in strength above 10 per cent destroyed all 
nymphs and a largo proportion of adults. No injurious elTects to the vines have 
been observed. Operations were confined to the Coacnella Valley on account 
of favorable climatic conditions for the use of the dust. 



iMg. 2 -(). — Dusting for (irajH' I A‘afii()])|)cr on 'fiTllis (iniix's in ( alitornia 
with ('yam)gas “A" Dust. 


Ducting l\.r Grai)e I .eai'hr»]>i)er in California with Traction Ouster. 
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The first wDrk on the Grape Leafhoppcr in the Kastcrn 
United States was carried out by I’rofessor F. (i. Mundinger, 
working in the Hudson Valley. In his experiments, a dust 
was used, known as Calcium Cyanide “C” Dust, containing 
l^/< talc as a diluent. His paper dealing with this work 
and other experiments with Cyanogas Calcium Cyanide Dust 
was published in the Proceedings of the 6bth .Annual \Icet- 
ing, New York State Horticultural Society, 1924, pp. I,U-I.^8. 


EXPERIMENTS WITH CALCIUM CYANIDE 
AS AN INSECTICIDE 


by F. G. MUNDINGEK* 

The popularity of dust applications in coininorcial orchards a.f^ains 
pests that arc susceptible to dust treatments has awalamotl in growers 
and manufacturers alike a desire to broaden the titdd of usefiiliu'ss of 
dust treatments by the development of new and inon‘ satisfactory dusting 
materials. Calcium cyanide is a material which has rtHvntly botm develop- 
ed as an insecticide, and the writer spent the summer of investi, gat- 

ing** the insecticidal value of this material in the fruit districts of tlu' 
Hudson valley. The cyanide u.se<l in the dust form consisted of 25 per 
cent calcium cyanide with 75 ix^r cent ground talc as a carrier. The kill- 
ing power of the calcium cyanide is due to the deadly hydrocyanic acid 
gas which is liberated when this dust is exi>osed to the atmosphere or 
when it comes in contact with moisture. 


♦ Edited by F. II. Lathrop 

** This w^ork was done under tbe fellowship provided by the American 
Cyanamid Company. 
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Tests conducted include the treatment of pear psylla and grape leaf- 
hopi)er with the cyanide dust, while the granular cyanide was tried out 
as a soil fumigant in controlling the pear thrips, pear midge, and apple 
maggot. 

DUSTING EXPERIMENTS AGAINST PEAK PSYLLA 

A number of experiments were conducted in the orchards of Mr. 
Peter Finger at Germantown, N. Y. An ordinary hand duster was used, 
and single trees were tiHsited. A|)plieations were made at intervals from 
June 14 to Septeml)er 1. The applications were made during the warm 
portions of bright days with the temperatures ranging from 70 to 92 
degrees. An average of about one pound of the dust was used per tree, 
and it was found that from 2,000 to 20,000 psylla i)er tree were killed, 
depending upon the degree of infestation. The per cent of recovery of 
the psylla that dropped from the tree after the application of the dust 
was small. No injury to the pear trees could be detected as a result 
of the treatment. 


DUSTING FOR GRAPE LEAFHOPPER 

A seri(‘s of experiments with the use of cyande dust for the control 
of the grai)e leafhopper was conducted in the vineyard of Lockwood Broth- 
ers, Milton, N. y., August 3 to 10. The applications were made during 
the warm portions of the days, and the temperature ranged from 80 to 
90 degrees. The vines were dusted from one side by means of a hand 
duster, care being taken to secure a thorough application. 

The season was too far advanced for the best commercial control of 
the pest, but the results indicate the effectiveness of the material in 

destroying the various stages of the leafhopper. The results were obtain- 
\ 

ed by counting the number of nymphs and adults present on the treated 
vines twenty-four hours after the application ahd comparing this with 
iji .<iimilar count made on untreated vines. 

The results are summarized in the following table : 
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TABLE ONE 


Kesiilts of Dust Treatments against Grape Leafhopper 


Date 

T rent 111 eut 

T('st Number 1 

% of nymphs 
kllle.I 

';f of adults 
killod 

.Vugust o 

Cyanide dust 

4G 

73 


Cyanhh' dust tvim's shaken aflcu* 

application ) IM) 

37 


Uninvited vines 

Test Number 2 

0 

0 

August 

Cyanide dust 

Cyanide dust 3 parts 

32 

21 


Nicotine dust 1 part 

of 

37 


Untreated vines 

Tost Numb(‘r .3 

0 

0 

August 0 

Cyanide dust 

00 

37 


Nicotine dust 

57 

55 


Untreated vines 

Test Number 4 

0 

0 

.August 0 

Cyanide dust 

m 

88 


Cyanide dust 

72 

00 


Untn'ated vinos 

0 

0 


\ study of the above table shows that, on the whole, dust ai>plications 
failed to give satisfactory control of the IcafhopiMU*. In the ti'sts where 
the two dusts were directly compared cyanide dust and nicotine dust 
were about equally effective. The highest percentage' of kill was obtain- 
ed with cyanide dust in Test Number 4. 

Grape foliage is susiceptible to injury from the cyanide dust. In 
one test burning resulted to several leaves whicli liad accidently n'ctnved 
too heavy a coating. In another instance severe burning resulted to a 
number of leaves on a vine which was dusted several hours before a 
rain storm. 


aHE PEAR THRIPS 

In the work with calcium cyanide against the pear thrips the pure 
granular cyanide was used. The object was to use this material as a 
soil fumigant in an attempt to destroy the larval stage of the insect, 
which is located in the upper few inches of soil l)eneath tin* infcsicrl 
trees. 
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Those exiK'riini'iits wtMV coiidncItMl in :in orchard on the Tcder Finj^ar 
farm near Cerniantown, X. Y. Tiiis orchard was heavily infesied with 
pear thrips, and practically every tree in the plat showed serioiiS 

thrips injury. 

The lirst application of cyanidi' was to tw(‘iity-s('ven trees on May -5. 
The temperature at this time was about 7S dejcrees F. The sr»nuhir 
ealeinm eyanidt' wais sprinkled on tlu‘ .i^rouml hcmsith th(‘ tnu's at th(‘ rate 
of from Vt to d i)Oun(ls pen* tree. This material was then worked an inch 
or more into tli(‘ Krauml by means of a pirdcm rak(‘. 

Other applications wen' made uiKhu* various e(mditions of tmnperalure 
and soil moistuia', and the niat('rials were worked into the soil to various 
depths. In all twcaity-four applications were made durintr the period 
h(dw(‘en May 2r» and August 14. 

In eheekinit the r(‘sulls of the.se experiments sev(M’al sami)les of soil 
were talum from beneath the treat(‘(l tree's and, after bein^^ pulverized, was 
carefully .sifted onto a slab of black .slate. In this way the thrip larvae 
were collected, and the effect which the treatment had upon them could 
be determined. Comparisons were made with soil taken from beneath 
trees which had received no treatment. 

lleeause of the dilliculties involved in tlndinj; the larvae in the soil, 
it was impossible to form conclusions upon which definite recommenda- 
tions could bo liased. ' However, in tlie majority of cases the treatment.s 
.seemed to be effective, and cyanide offers promise as a Soil fumigant for 
the control of pear thrips. Additional data will be .secured next spring 
when the emergence of thrips under the trees can bo noted. 

THE ArrLE MAGGOT 

In the cour.se of the life history of the apple maggot a portion of 
the time is spent as immature stages in the upper layer of the soil 
beneath infested trees. This fact suggests the possibility of control by 
the use of a soil fumigant. Accordingly, a .series of te.sts was applieil, 
using the granular calcium cyanide in a manner similar to that describ- 
ed for pear thrips. Applications were made on August 16 and 27. On 
August 30 the soil was sifted Just as was done in the pear thrips 
experiments. 

The results are not definitely conclu.sive, but the indications are 
that the larvae of the apple maggot are killed in the soil by the cyanide 
fumes. The pupae are more re.si.stant, and further investigation will bo 
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accessary to doteriaino Avhcthor the treatment will be effective against 
the pupal stage. 

THE DEGREE OF DANGER TO MAN IN THE USE OF CALCIUM CYANIDE 

(^nleiuni cyanide is a (h'adly poison, and the fumes which it gives 
off ar(‘ ev(‘n more deadly tl.an tlie calciimi cyanide itself. Xaturally, 
therefore, the question arises as to the precautions which must b(‘ taken 
in the use of this material. It has Iumui found in these experiments that 
this material c;in be used foi’ fudd dusding without injury to the oi)erators, 
where du(' piM'caulion is taken to k(‘(‘p out of the dust cloud, and not 
to inhal(‘ the fumes. It would not be advisable to work with this material 
in tightly closed rooms. Care should be used to avoid getting the material 
into the mouth or (\v(*s, or into (*uts or scratche.s. This matc'rial slioiild, 
of course, be kept away from children and domestic animals. 

CONCLUSIONS 


Calcium cyanide holds considerable promise as a dust insecticide. 

The 25 per ctaU cyanide du.st seems equally as effective as 2 per cent 
nicotine dust for the control of ])ear psylla and grape lcafhopi)er. 

Wlam properly appli(*d no injury was observed to result from 25 
pm* ('cnt cyanide dust on pear or grape foliage. 

If ai)t)lied in excessive amounts or while the leaves are wet, or where 
rain follows soon aft(‘r application, injury is likely to result. 

As a soil fumigant the granular calcium cyanide shows promise for 
the control of such insects ns ju'ar thrips and apple maggot. However, 
additional investigation is nece.ssary to (‘stabli.sh fully its possibilities in 
this H'spect. 


In 1924, further work was carried out for control of the 
Grape Leafhopper by Professor II. j. Quayle and was pub- 
lished in the Journal of Economic Entomology, Vol. 17, No. 
6, Dec. 1924, p. 668. In the same year, Dr. J. R. Ever 
carried out e.vperiments in Pennsylvania, publishing a note 
in the Journal of Economic Entomology, Vol. 18, No. I, 
Feb., 192.?, p. 2.15. Phese two articles are here reproduced. 

Cyanogas Calcium Cyanide “A” Dust is now the stand- 
ard material used for the control of the Grape Leafhopper 
in California (Fig. .3-6). 



Calcium Cyanide Dust for Control of the Grape Leaf Hopper. Calcium 
Cyanide dust was used iri an experimental way against the Grape Leaf Hopper, 
Typhlocyba conies vSay, by tliis Station in 1023 and again in 1021. From the previous 
work on this insect it appea^xl to the. writer that if some (‘flectivi' method could be 
used against tlie over-wintering adult hojipers soon after they came onto the vine in 
the spring, that it wouUl be the most desirable way to control the hoppers, but the 
adults sliowed great resistance to sprays or dusts heretofore used. The adult hoppers, 
on the other hand, proved to be susceptible to HCN gas. When the Calcium 
Cyanide dust is blown into the vine the hoppers are quickly overcome and fall to 
the ground. If there arc no Cyanide particles on the ground the hoppers overcome 
by the gas will recover, but if there is a slight deposit of the.cyanide on the ground 
sufTicient gas will be given ofl to prevent the recovery. 

On short jiruncd vines the method has been to use a knapsack duster by means of 
which the dust is shot into the vines from below and the heavier particles drop to the 
ground. vSince the shoots of the vine at this season are only six to ten inches long, 
there is not much foliage to cover and a small amount of dust will do the work. Later 
in the season, when the second generation hoppers occur, Cyanide dust will also 
kill them, although a much greater quantity must be used. It is vtoi>oh'A to carry 
on work on a kirger scale during the coming year, wlum more delinite data will be 
secured as to the fcasioiiity of coni rolling the Grape Leaf no])per by Calcium Cyanide 
J- Ql’Ayle, Citrus Experiment Station, Riverside, California 


Preliminary Note on the Control of Grape Leaf Hopper with Calcium Cyanide 
Dust. During the season of 1024 experiments were conducted by the Pa. Bureau of 
Plant Industry at the Field vStation, North East. Pa,, to test the value of calcium 
cyanide dust as a control for the Grape Leaf Hoi^pcr in commercial vineyards. Both 
calcium cyanide 'kA” and ‘'B” dusts were tested and the material was applied either 
with a hand or power duster. The "B” dust was applied at the rate of 40 lb. to the 
acre and the “A” dust at the rate of 2o lb. per acre. In the case of the “B” dust both 
sides of the row were dusted while with the “A” dust only the windward side received 
the dust. The dusting was done at the regularly recommended period for the apiili' 
cation of the leaf hopper spray in Pennsylvania, i. e. w'hen the majority of the first 
generation nynqihs were in the fourth instar and before an appreciable number of 
second generation adults had appeared. At this time it w'as possible to observe the 
effect of the dust on both the adults and nymphs. The temperature when the dust 
was applied varied from 70 to 75 degrees F., and the relative humidity from 60 to 80 
percent. 

In addition to the customary counts of adults and nymphs before and after dusting, 
collections were made by placing canvas beneath dusted vines and observations 
were made for 30 minutes after dusting. An exceedingly high percentage of adults 
and nymphs were killed by both the “A” and “B" dusts. As already noted by Quayle 
(1924) in a previous number of this publication, very few of the fallen hoppers re- 
cover v/hen the ground is covered with particles of calcium cyanide dust. In the case 
of the nymphs how^ever it was observed that many do not fall from the foliage, as do 
the adults, but remain clinging to it even when dead. 

J. R. Eyek, Enlomologist, 

North East Lab., Pa. Dept, of Agriculture, North East, Pennsylvama 
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PEAR PSYLLA 

Field experiments in the control of the Pear Psylla, 
Psyll/i pyricoln, with Cyanogas Calcium Cyanide Dust, were 
conducted by Professor F. G. Mundingcr and recorded in 
his paper reproduced on pages 6-4 to 6-H. He continued his 
work in 1924, publishing his second report in the Proceed- 
ings of the 7()th Annual Meeting of the New York State- 
Horticultural Society, 1925, pp. 1H2-1S6. 



Fig. 4-0. — Control of Pear Psylla in Xew \'ork Slate with Cyanogas 
Dust. Note Drift of Du.st 'I'lirough the Orchard. 


The data given in Professor M undinger’s second report, 
with additional experiments presented in greater detail, have 
been published as Bulletin 529, New York State Agricultural 
Experiment Station, July, 1925. Cyanogas Calcium Cyanide 
“B” Dust, with which Professor Mundinger obtained the 
favorable results reported in this bulletin, has been super- 
seded in the trade by Cyanogas S-Dusting Mixture, a dust 
with the same calcium cyanide content as “B” Dust (see page 
G-2). Cyanogas S-Dtisting Mixture, in addition to its in- 
secticidal properties, is a fungicide due to its sulphur content. 
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Bl LLETlN No. 529 

INVESTIGATIONS ON THE CONTROL OF 
PEAR PSYLLA 

F c; MUNDINGKR 

SUMMARY 

This bulletin presents data obtained from scheduled treatments 
with various dust and spray materials for the control of the pear 
psylla {Psylla pyricola Forster) in the McKay orchard in the vicinity 
of Geneva during the season of 1924. This pest presents a difficult 
problem because of its great ability to reproduce, its resistance on 
account of certain habits of the nymphs to many of the common 
insecticides and spray methods, and the migratory activities of the 
adults or “flies.’* The occurrence of the insect in several different 
stages of development during the sununer adds to the difficulty of 
control. 

A new model, self-mixing, power duster was used for dusting and 
a large power sprayer for making the liquid applications. Spur counts 
were made where possible, before and after each application, and the 
reduction in the number of nymphs was used as a criterion of the 
effectiveness of the different materials employed. Leaf counts were 
also made at the end of the experiment to determine, if possible, the 
amount of injury caused by the insects and by the various dust and 
spray materials used. 

None of the dusts appeared to control the species in the egg or 
early n 3 rmphal stages. Lime sulfur (1 to 8) killed many eggs. The 
weak bordeaux sprays and the dry-mix sprays containing nicotine 
sulfate were very effective against the nymphs. Tobacco dust ap- 
peared to be a factor of effectiveness when added to the various 
sprays in combahng the nymphs. Little injury was caused by any of 
the materials, except lime-sulfur sprays and some of the oil applica- 
tions. 

A ntunber of experiments are also described in which calcium 
cyanide dusts of various grades were compared with other dusting 
materials and with spray mixtures for the control of psylla in the 
vicinity of Geneva and in the Hudson River Valley. 

Calcium cyanide dusts grades “A*' and “B” and nicotine dusts, 
under favorable conditions, proved very toxic to the adults. “A” and 
“B” grades of calcium cyanide dusts averaged greater reductions in 

3 
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tree population and smaller percentages of revival than did a home- 
made lime-nicotine dust containing 2 per cent nicotine or a commer- 
cial mixture containing 2.7 per cent nicotine. 

The best results with dusting were obtained on calm days when the 
temperature was relatively high. A dosage of 2 pounds of grade 
calcium cyanide, a minimum of pounds of ‘‘A” grade calcium 
cyanide, or 2 pounds of lime-nicotine dust (2 per cent) per average- 
sized tree is advisable for best results. None of the above dusts 
where carefully applied caused noticeable injury to mature foliage. 
‘‘A” grade calcium cyanide dust caused some blackening of young, 
tender leaves when used early in the season. 

INTRODUCTION 

Work has been done with lime-sulfur and nicotine sprays and with 
nicotine dusts in combating the pear psylla. The dry-mix formula 
has also been used with promising results. With the appearance of a 
new dust, calcium cyanide, it seemed advisable to try this new material 
in a number of scheduled applications along with some standard 
sprays and a few other spray mixtures. The applications were aimed 
mostly at the eggs and nymphs. 

I'he i)articular orchard’ treated is owned by the McKay brothers 
and is but a short distance from the Experiment vStation. It consists 
of about ()()0 Bartlett trees, 15 years old, and covers 6.7 acres. The 
accompanying diagram (Fig. 1) shows the experimental rows and the 
general en\’ironmcnt of the orchard. The T)lats consist of one or two 
rows of 20 trees each. 

All treatments were timed according to the development of the 
psylla. The materials were furnished by the Ex])eriment Station and 
were applied by competent Station workers. New model power 
dusters and sprayers were used in this work. 

Calcium cyanide as an insecticide dust was first tested against pear 
psylla under the direction of the I^xi)eriment Station during the sum- 
mer of 1923 The material reacts with atmosjdieric moisture produc- 
ing hydrocyanic acid gas, a rank poison to animal life. This gas is 
produced also by a combination of sulfuric acid and potassium or so- 
dium cyanide and fumigation with hydrocyanic acid gas has been one 
of the principal methods used for the treatment of buildings. 

Tor further details about this orchard see Circular No. 65 of this Station. 

Acknowledgments are due to Miss Middlewood, Geneva, N. Y., McKay 
Brothers, Geneva, N. Y., and Mr. L. Fingar, North Germantown, N. Y., for the 
use of their orchards and for cooperation in this work. 
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The first exi)erinicntal work involvini^^ tlie use of liydrocyanic acid 
gas against the pear jisylla was probably done by R. L. Webster- 
(1918 to 1920), who used large fumigation tents placed over trees and 
generated the gas by the old fumigation methods. 



Fig. 1. — Diagram of the McKay Orchard and Immediate Environment. 


During the summer of li)23 some iiromising rc\sults were obtained 
with calcium cyanide for jisylla which prompted further investiga- 
tion of the chemical during the next season. Tlie experiments herein 

‘Fumigation with hydrogen cyanide for control of pear psylla. Bulletin No. 523 
of this Station. 
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described are niorc or less scattered as to tunc and place. The chief 
end of the work was to compare results obtained with calcium cyanide 
under varying conditions with .some other materials, such as hydrated 
lime dust, nicotine dusts, and one or two sprays. The sprays were 
selected because of their scheduled time of application and their 
effectiveness. 

Both power and hand dusters were used. A ‘‘power” sprayer served 
for making the liquid treatments. In some instances ordinary cheese- 
cloth strips were used for catching the dislodged insects, but in most 
trials paper plates were arranged under the selected trees for this pur- 
pose. Revival boxes of various types were imjirovised. The one found 
to be most satisfactory was a four-sided box about 5 inches high with 
a cheesecloth bottom and open at the top. The cheesecloth was about 
30-mesh to the inch, coarse enough to allow the dust to fall thni but 
retain the psyllas. 

MATERIALS USED 

Ihe following dust preparations and spray materials were used: 
Dust: Calcium cyanide, grade “C,” 25 per cent calcium cyanide and 
75 per cent talc. 

Dust; Calciimi cyanide, grade “B,” 50 per cent calcium cyanide and 
50 per cent talc. 

Dust; Calcium cyanide, grade “A,” 100 per cent calcium cyanide. 
Dust: ffy^drated lime, commercial, very finely ground. 

Dust; Calcium cyanide, ‘‘C” grade, 25 pounds; hydrated lime, 25 
pounds; Black Leaf -10, 21^2 pounds. 
vSpray: Lime-sulfur, 15 gallons; water, 100 gallons. 

Spray: Lrme-sulfur, 3 pilous; water, 100 gallons. 

Spray: Lime-sulfur, 15 gallons; tobacco dust, 14 ])ounds; water, 
100 gallons. 

Spray: Lime-sulfur, 3 gallons; tobacco dust, 14 pounds; arsenate 
of lead, 242 pounds; water, 100 gallons. 

Spray: Lime-sulfur, 3 gallons; arsenate of lead, 2)4 pounds; Black 
Leaf 40, 1 pint; water, 100 gallons. 

Spray: Lime-sulfur, 3 gallons; tobacco dust, 14 pounds; water, 
100 gallons. 

Spray; Lime-sulfur, 3 gallons; Black Leaf 40, 1 pint; water, 100 
gallons. 

Spray: Paraffin oil, 2 pllons; water, 1 gallon; potash soap, 2 pounds; 
water, 100 gallons. 

Spray: Copper sulfate, 2 pounds; lime, 30 pounds; water 100 gal- 
lons. 

Spray: Super-fine sulfur, lO pounds; hydrated lime, 8 pounds; Kay- 
so, 1 pound; arsenate of lead, 2^ pounds; Black Leaf 40, 

1 pint; water, 100 gallons. 



spray: Super-fine sulfur, Hi pounds; hydrated liiue, S pounds; Kay- 
so, 1 pound; arsenate of lead, pounds; Black Leaf 40, 
1 pint, hydrated lime, 30 pounds; water, 100 gallons. 

Spray: vSuper-fine sulfur, 10 pounds; hydrated lime, 8 pounds; 

Kayso, 1 pound; Black Leaf 40, 1 pint; water, 100 gallons. 
Spray: Super-fine sulfur, 16 pounds; hydrated lime, 8 pounds: 
Kayso, 1 pound; Black Leaf 40, 1 pint; hydrated lime, 30 
pounds; water, 100 gallons. 

Spray: Copper sulfate, 2 pounds; lime, 30 pounds; Black Leaf 40, 
1 pint; water, 100 gallons. 

Spray: Paraffin oil, 2 gallons; water, 1 gallon; potash soap, 2 pounds; 
water, 200 gallons. 

Spray: Super-fine sulfur, 10 pounds; hydrated lime, 8 pounds; Kay- 
so, 1 pound ; tobacco dust, 14 pounds; water, 100 gallons. 

PROCEDURE 

The machines for delivering the insecticidal materials were care- 
fully driven up and down between the rows of trees and applications 
made from two sides of the trees. An effort was made to give each 
tree an equal coating of material, according to the dosage planned. 
Dusts requiring mixing were mixed in the dusting machine in the 
field. 

A definite number of spurs, selected at random from each plat, were 
examined before and after each treatment wherever possible. At 
first, 25 spurs were examined for each material used, but as time would 
not allow for such extensive observations, a minimum of 10 spurs was 
sometimes used. Each spur was carefully searched for psylla eggs 
and nymphs and the number of specimens in the various instars noted 
and recorded. 

L SPRAYING VS. DUSTING IN THE McKAY ORCHARD 

FIRST APPLICATION 

On May 14, 1924, when the first application was made, the trees 
were in the dormant state. Few flies were seen, tho many eggs had 
been laid and some had hatched. The cluster buds were well hidden 
by the bud scales. Some of the newly hatched nymphs had found 
their way to the bases of the pedicels of the unopened blossom clusters. 
This treatment was timed mostly for the destruction of the psylla 
eggs. The maximum and minimum temj)eratures for the day were 
05®F. and 49°F., respectively. The humidity was relatively high. 
Counts were made from 20 .spurs of each plat. The materials used and 
the data obtained are given in Table 1 . 
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It will be noted in a study of the table that the time of observation 
continued over several days and that during this period there were 
newly laid and newly hatched eggs which complicated the work of 
counting. For this reason the data are considered suggestive only. 
A comparison of check trees and treated trees indicates, however, 
that either many eggs were killed by certain of the materials or that a 
considerable number of the young nymphs on hatching from the eggs 
succumbed to the residues of the different treatments that still re- 
mained on the bark at the time of hatching. 

On JMay 19 Bartlett i)ears were beginning to blossom. Many psylla 
eggs were found and approximately 50 per cent of all the eggs had 
hatched. Young nymphs were numerous in the axils of the blossom 
clusters. Hydrated lime encrusted on the eggs seemed to have killed 
many of them. Many collapsed eggs were notieed on the i)lats sprayed 
W'ith lime-sulfur. Cmlcium cyanide “A” grade caused some injury 
to the tips of unfolding leaves and appeared quite similar to injury 
from lime-sulfur, but not so severe. 

Observations on May 22 revealed that since the spray was applied 
there had been a heavy deposition of eggs. Many of these were laid 
on the unfolding leaves. All the sprays seemed to have killed many 
eggs or to have caused the death of the nymphs at the time of hatch- 
ing. vSorne discoloration of the blossom stems due to oil was noticed. 

On June 9 the leaves were fully expanded and there was a good 
cover of foliage, tho few of the insects had reached the adult stage 
the greater majority being in the hard-shell stage. 

SECOND APPLICATION 

The same series of dusts as used in the first application was applied 
to the original block of trees in the second application made on June 9. 
T o the spray mixture used on Rows 5 and 6 arsenate of lead was added ; 
to that on Rows 7 and 8, Black Leaf 40 and lead arsenate were added; 
while on Rows 9 and 10 copper sulfate and lime replaced the oil spray. 

The dry-mix sprays were applied to the next two plats as shown in 
Table 2. At this time a previously untreated block of pears, Rows 15 
to 20, inclusive, was given a series of dust treatments similar to that 
applied to the first block. Dusting began at 10 a. ni. It was a warm 
day, the maximum and minimum temperatures being 71°F. and 42*^F., 
respectively, and a slight breeze was stirring. The dry-mix sprays 
were applied on the next day when the general weather conditions 
were similar to those of the previous day. Counts were made from 
25 spurs of each plat, except the check plat on which only 20 were 

junted. The data obtained are given in Table 2. 



Table 2 . — JIesitlts Obtained with Second Application of Dusts and Sprays for Pear Psvlla in the McKay Orchard in 
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It is interesting to compare the data of the two dusted bUx^ks. In 
the original block the majority of psylla were in the first nymphal 
stages, while in the second block by far the greater munber had 
reached the hard-shell stage. This indicates that all the materials 
used in the treatments of Block 1 killed some of the eggs and nymphs. 
The sprays in general showed the best control. The plat treated with 
copper sulfate and lime appeared freest from psylla. A hard rain 
stonn on the evening of June 9 undoubtedly washed away some of the 
insecticides and also some of the psylla nymphs, which facts should be 
taken into consideration with respect to the data taken directly after 
June 9. 

By June Hi the young fniits had set and some of them were de- 
veloping rapidly. A few of the insects of the first bkx'k of trees had 
reached the adult stage, and apj)roximately half of those of the second 
block were mature. Honey-dew was present in noticeable quantities 
in the dusted plats and some was seen in the sprayed plats. Table 3 
gives the data resulting from these observations. 

THIRD APPLICATION 

Dusts and sprays were applied as shown in Table 4 for the third 
application made on June 20, The dusting operations began about 
9 a. m. The maximum and minimum temperatures for the day were 
or F. and 58® F., respectively, and there was a slight breeze. The 
sprays were applied on the next day, atmospheric conditions being 
unchanged except for cloudiness. vSome of the sprays were altered a 
little as shown in the table. Counts were made from 20 spurs on each 
plat. The data obtained are shown in Table 4. 

Observations showed that the best control of the psylla nymphs was 
obtained in the sprayed plats. The large reduction percentages found 
in the second block of dusted plats were undoubtedly augmented by 
the severe beating rain which came on the evening that the treat- 
ments were made. The increase in the number of adults shown after 
treatment was very likely due to migration. 

On July 15 the adult flies were disregarded and all attention given 
to the nymphs. In order to secure more accurate data, a definite 
nimiber of leaf spurs from each plat was taken to the laboratory and 
carefully examined with the aid of a lens. Heavy oviposition was 
again taking place and many of the eggs had hatched. All plats sup- 
ported a considerable number of new nymphs. The plat treated with 
copper and lime appeared to have fewer than any of the other dusted 



Table 3. — Observations a Week Following the Second Application of Dusts and Sprays in the McKay Orchard in 1924. 
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Table 4.~Results Obtained with Third Application of Dusts and Sprays for Pear Psylla in the McKay Orchard in 
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or sprayed plats. It is quite possible that the coatin^^ of lime played 
an important part here. The a])i)earance of large numbers of nymi)hs 
in all plats seems to confirm the idea that adult psylla move from tree 
to tree quite freely. The data from these observations are gi\'en in 
Table 5. 


FOURTH APPLICATION 

The fourth application was made on July lb when the dusted blocks 
received the same treatment as before. Dusting began about 1 :20 
p. m. It was warm and sunny and a breeze was stirring. The maxi- 
mum and minimum temperatures for the day were Sd°F. and db°F., 
respectively. The sprays were applied on the next day. A rather 
strong wind interfered with thoro work. Changes made in the \jjarious 
spray materials will be noted on comi)aring Tables 5 and b. New 
sprays were applied to fonner check jdats. Ten spurs of each plat 
were carefully examined at the laboratory. The data obtained are 
shown in Table b. No counts were made in 13 lock 2. 

It is evident from the data that the sprays noticeably reduced the 
number of psylla nymphs, while the dusts did not show any striking 
results. Cood control was obtained with the copper-lime and with 
the dr>'-mix sprays containing nicotine. One dust, calcium cyanide, 
lime, and Black Leaf 40, gave a hint of ('ontrol. vSomc injury wa^i 
noticed in the lime-sulfur treated plat. 

INJURY TO FOLlACiH 

An elTort was made to obtain some idea of the degree of injur}' to the 
foliage catised l)y the various dust and spray materials by the time 
the last applications had been made. 44) accom])lish this a numl)er of 
branches were examined in each plat. 44ie observations were limited 
to the distal 2 feet of each branch. 4'he number of spurs and leaves 
were counted, and the number of ps} lla-injured leaves and of dust- 
or s])ray-injured leaves noted. An estimate was made of the average 
amount of injury of each kind. The data derived in this wa\’ are 
shown in Table 7. 

^f'hese figures do not show any of the early injury caused by treat- 
ments made when the foliage was just opening. 1 1 may be stated that 
lime-sulfur 1 to 8 caused some burning of the tips and margins of the 
leaves; and that calcium cyanide “A” grade, especially where applied 
heavily, caused an injury similar in apjiearance to that of lime-suifur 
but not so bad. It will be noticed from the talile that Rows V) to 14 
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inclusive, have a smaller percentage of leaf injury than any of the 
other rows. The injury to mature foliage by the dusts used is prac- 
tically negligible. Since the plats from Row 22 on received only 
one treatment, it is unfair to compare them with any of the other 
treated plats with respect to either psylla or spray injury. On the 
whole, the lime-sulfur sprays were the only ones to cause injury to 
a noticeable degree. Oil sprays showed marked traces of injury at 
times. None of the spray injury was serious. 


COST OF MATERIALS 


The costs of the spray and dust materials used in these experiments 
are given in Table 8. 

Table 8. — Cost of Materials Used in McKay Orchard in 1924. 


Material 


Cost per pound 
OR GALLON 


Hydrated lime dust 

Calcium cyanide dust “C" grade 

Calcium cyanide dust “B" grade 

Calcium cyanide dust ‘‘A" grade. 

Calcium cyanide dust with hydrated lime and Black Leaf 40. 

Lime-sulfur spray 1 to 8 

Lime-sulfur spray 1 to 8 and tobacco dust 

Lime-sulfur spray 1 to 40 

Lime-sulfur spray 1 to 40 and tobacco dust 

Lime-sulfur spray 1 to 40, lead arsenate, and tobacco dust. . . 
Lime-sulfur spray 1 to 40, lead arsenate, and Black Leaf 40. . 

Lime-sulfur spray and Black Leaf 40 

Lubricating oil si)ray, 2 per cent 

Lubricating oil spray, 1 j)er cent 

Copper sulfate and lime spray, 2-30-100. . 

Copper sulfate and lime spray, 2-30-100, with Black Leaf 40 

Dry -mix and Black Leaf 40 

Dry-mix spray and Black Leaf 40 plus hydrated lime 30 pounds 

Dry -mix spray, lead, and Black Leaf 40 

Dry-mix spray, lead, Black Leaf 40, and hydrated lime 30 

pounds 

Dry-mix and tobacco dust 


$ 0.01 

0.13 

0.16 

0.19 

0.125 

0.0260 

0.0316 

0.0058 

0.0112 

0.0162 

0.0240 

0.0191 

0.0043 

0.0021 

0.0042 

0.01798 

0.0204 

0.0234 

0.0255 

0.0285 

0.0123 


SUMMARY AND CONCLUSIONS 

Since the spring of 1924 was an exceptionally wet and stormy 
one, it is feared that the data secured are not as representative as 
might be desired. There is no doubt but that many of the smaller 
nymphs, not being securely anchored or supported by foliage, were 
washed to the ground during hard storms. Because of the proximity 
of the plats in the McKay orchard, it was very ])ossible that psylla 
adults disturbed in one area departed for more quiet locations. This 



probably accounts for some of the suddeji infestations observed. 

The dusts did not appear to j^ive satisfactory control of the psylla 
nymphs. The calcium cyanide-lime-Black Leaf 40 dust seemed 
most promising of any of the dusts in this respect. The honey-dew 
surrounding the young psylla seems in many instances to be a barrier 
to dusts. All sprays used vshowcd good killing properties. Lime- 
sulfur and nicotine applied at the cluster bud stage was the most 
effective against the eggs. The copper-lime plats and the dry-mix 
plats (treated at the calyx period) showed the best controls. 

Tho some burning was occasioned by dusts in the early applica- 
tions, this was not extensive. Mature leaves were not noticeably 
burned, except where very heavy deposits of “A” cyanide dusts oc- 
curred. Some injury was caused by oils, but the most noticeable 
effects were produced by lime-sulfur sprays. In no case was the injury 
serious. 


II. CALCIUM CYANIDE DUSTINCx 

INDIVIDUAL EXPERIMENTS IN MCKAY ORCHARD 

Experiment i, June lo . — Several dusts were applied with a small 
hand bellows duster about 10:30 a. m. The maximum and minimum 
temperatures for the day were 77®F. and 44®F., respectively. There 
was a light breeze and the day was clear and sunny. Three spurs 
each were selected from three separate trees and were well dusted. 
Each spur was tagged and examined before and after the treatment. 
The data obtained are shown in Table 9. 

“A” grade calcium cyanide dust appears to have given the best 
results of any of the treatments. A hard rain on the afternoon of 
June 11 no doubt affected the results somewhat. 

Experiment 2 , June i8 . — The same type of small duster was again 
employed for the treatments, which occurred at 9 a. m. The maxi- 
mum and minimum temperatures for the day were 8l°F. and 53°F., 
respectively. It was a warm day and a light breeze was stirring. 
Five spurs were treated with each material. They were well coated 
with dust and tagged. Counts were made two days later. The 
data are shown in Table 9. 

“A” grade calcium cyanide dust was the most toxic to the young 
nymphs. Both “A” and “B” dusts seemed to affect the hard-shells 
more than the younger nymphs. 
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h.xpenment June for adults was done with a new 

model power duster. Nicotine dusts (1 and 2 ])er cent) at the rate 
of about d j)ounds per tree were used and the trees were very well 
coated with the material. The maximum and minimum temperatures 
for the day were 76°F. and 4S°F., respectively. A good dust cloud 
was obtained. The dislodged insects were caught on a large canvas 
sheet spread beneath the treated trees. The creatures were placed 
in vials by means of a camel’s hair brush and these containers left 
in the laboratory over night very loosely corked. Three vials were 
employed for the insects of each tree. The data secured are shown 
in Table 10. 


Table 10. — Cyanide Dusting Experiments in the McKay Orchard. 


Vial 

NO. 

Material 

Dosage, 

POUNDS 

Date of | 

application 1 

i 

0 

eS 

as 

Number 

DEAD 

ADLTLTS 

Number 

live 

ADULTS 

Percentage 

KILL 

1. 

Limc-nicotine, 1 per cent 

3 

6-30 

7-1 

124 

73 



2 

Lime-nicotine, 1 per cent 

3 

6-30 

7-1 

224 

41 

— 

3 

Lime-nicotine, 1 per cent 

3 

6-30 

7-1 

218 

108 

— 


Totals and av(Tagc 

— 

— 

— 

566 

222 

71.82 

4 

Lime-nicotine, 2 per cent 

3 

6-30 

7-1 

126 

12 



.5 

Limc-nicotine, 2 ]ht cent 

3 

6-30 

7-1 

190 

9 

— 

t) 

Lime-nicotinc, 2 per cent 

3 

6-30 

7-1 

132 

14 

— 


Totals and average 

— 

— 

: 

448 

35 

92.75 

7 

Lime-nicotine, 1 ])ct cent 

3 

7-1 

7-2 

720 

207 

— 

S 

Limc-nicotine, 1 per cent 

3 

7-1 

7-3 

522 

194 

— 

y 

Lime-nicotinc, 1 per cent 

3 

7-1 

7-3 

700 

190 

— 


Totals and average 


— 

— 

1,942 

591 

76.66 

10 

Lime-nicotine, 2 per cent 

3 

7-1 

7-2 

670 

68 

— 

11 

Lime- nicotine, 2 ])cr cent 

3 

7-1 

7-2 

347 

6 

— 

12 

Limc-nicotine, 2 per cent 

3 

7-1 

7-3 

591 

32 

— 


d'otals and average 

__ 

" 

— 

1,608 

106 

93.y_ 


J^xperiment 4 , July /. Dusting was similar in every way to that 
in the preceding experiment. The climatic conditions were much 
the same, the maximum and minimum temperatures for the day being 
74°F. and 5d°F., respectively. 

The higher percentage of nicotine in the dusts showed a marked 
increase in the mortality of the insects (Table 10). The relation 
between the two amounts of nicotine used in each dusting and the 
percentage “kill" is proportionate. 
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Experiment 5 , July 2 j . — Two trees were dusted with ‘"B” grade 
calciiun cyanide. About 2 pounds of dust were used per tree. The 
day was bright and fair, the maxiinuni and rninimuin temperatures 
being SG°F. and 63°F., respectively. Counts were made from 15 
spurs examined at the lal)oratory. The data secured arc shown in 
Table 11. 


Table 11. — Cyanide Dusting Experiments in the McKay Orchard. 


Material 

Date of applic.ation 

Date of count 

Number live nymphs j 

Percentage soft- ; 

SHELLS 

Percent.lge hard- 
SUELLS 

Percent.age dead 
soft-shells 

Percent.age dead 

HARD-SHELLS 

1 Percentage differ- 
1 ENCE from average 

1 CHECK 

Calcium cyanide 






23.0 

10 

46.3 

“B” dust 

7-23 

7-24 

80 

43.7 

56.2 

Check 

— 

7-24 

107 

65.2 

34.7 

— 

— 

— 

Calcium cyanide 
“C' dust 

7-25 

7-26 

60 

81.1 

18.8 

— 

— 

53.7 

Calcium cyanide 






12 

43 

79.2 

“A” dust 

7-25 

7-26 

31 

70.9 

20.03 

Check 

— 

7-26 

251 

55.7 

44.2 

— 

— 

— 

Calcium cyanide 





60.43 



39.1 

“B" dust 

7-29 

8-1 

01 

30.5 

— 

— 

Calcium cyanide 






75 

81.8 

88.6 

'‘A’’ dust 

7-20 

7-20 

17 

64.7 

35.2 

Check 

— 

7-29 

07 

47.4 

52.5 

— 

— 

“• 

Lime-nicotine, 








93.2 

1 per cent 

7-20 

8-1 

10 

100 

0 

many 

many 

Lime-nicotine, 






33.3 

62.5 

89.2 

2 per cent 

7-20 

S-l 

16 

62.5 

37.5 

Check 

— 

8-2 

82 

50.7 

40.2 

— ■. 

— 



Experiment d, July 25 .- — 4'wo trees were dusted with the small hand 
bellows duster, one being treated with “A” grade calcium cyanide 
and the other with “C” grade. A dosage of about 2 pounds was 
used and the applications made about noon. The day was fairly 
clear with clouds and sunshine. The maximum and minimum tem- 
peratures were S 4 ®F. and 59 '^F., respectively, and a light breeze was 
stirring. Counts were made from 15 spurs of each tree which were 
taken to the laboratory for examination. The data are shown in 
Table 11 . 

Experiment 7 , July 2 p.— Several trees w'ere dusted with calcium 
cyanide and several with nicotine. 4 'he bellows duster was used 
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and about 2 pounds of material i)er tree applied. Operations began 
about 12 noon. The atmosphere was relatively clear, the maximum 
and minimum temperatures for the day being 90°F. and 64°F., 
respectively. Counts were made from 15 spurs at the laboratory. 
The results arc shown in Table 11. 

Comparing the number of nymphs on the dusted spurs with those 
on the check spurs leads to the assumi)tion that some nymphs were 
killed by each dust application. ‘'A” grade calcium cyanide ranks 
very close in toxic effects to 2 per cent nicotine dust. In the case of 
these dusts the hard-shells seemed to have been killed in greater 
numbers than the younger nymphs. 

Experiment 8 , Sept. 75 .- The j)owcr duster was used to apply “A” 
and “B” grades calcium cyanide dusts and 2 per cent nicotine dust. 
The treatments were made al)out 1 1 a..m. The air was still and there 
were heavy clouds above. The temperature at the time of the ex- 
periment was OCF., and the relati\'e humidity 78 per cent. vSixtecn 
trees were treated with each material from two sides. Before dusting 
20 paper pie-plates were arranged on the ground beneath the selected 
trees to catch the dislodged insects. After the dust had settled the 
trees were shaken somewhat to displace, if possible, any psylla whose 
fall had been obstructed by leaves, branches, etc. The insects were 
counted as they were emptied into the revival boxes. One such box 
was used for the psyllas brought down by each material. The boxes 
were shaken gently in an effort to remove the dust materials, and 
as a rule, most of the dust did fall thru the spaces in the cloth. After 
this the boxes were set aside for a few hours. The revival count was 
made at 4 :15 p. m. In order to determine what percentage of psyllas 
might have escaped death from the treatments, an examination of the 
lower branches of one tree of each plat was made. About seven 
minutes per tree were used in this observation. Table 12 gives the 
data obtained. 

All the psylla brought down by “A” grade calcium cyanide were 
dead and but one live one was found on the branches after dusting. 
The small number appearing in the revival count was probably due 
to the escape of revived psyllas, as the boxes were not well covered. 

Experiment q, Sept. 16 . — Calcium cyanide and lime-nicotine dusts 
were applied at about 2:30 p. m. It was cloudy and still. The tem- 
perature was ()0°F., and the relative humidity 71 per cent. Ten trees 
were treated with each material and the dusting was done from two 



Table 12. — Cyanide Dusting Experiments in the McKay Orchard. 
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sides as before. Pie-plates were arranged beneath the seleeted trees 
to catch the dislodged psylla. The trees were jarred to get all possible 
insects on the plates before collection. A count of the insects was 
made as they were emptied into the revival boxes. The dusting 
materials were slvaken out as well as possible and the boxes taken to 
the laboratory where a count was made after 24 hours. An examina- 
tion of the lower branches on one tree of each plat was made about 
one-half hour after dusting. Seven minutes were allowed per tree. 
The temperature and rclati\'c humidity after the dusting were, re- 
spectively, ()2°F. and (S9 j)er cent. The data secured are shown in 
Table 13. 

Both lime-nicotine and “A” grade calcium cyanide dusts showed a 
high percentage of toxicity. It will be noticed that twice as much 
nicotine as cyanide was used. 

DUSTING IN THK MIDDLEWOOD ORCHARD 

The next three dustings took place at the Middlewood orchard 
about () miles from Geneva. A rotary hand duster was used in each 
instance. Applications were made from all sides of the trees, and 
these were always well jarred before the insects were gathered up. 
The same type of revival box was used as described above. After re- 
maining on the ground for an hour or so the revival boxes containing 
the psyllas were taken to the laboratory where they were left over 
night and counts made the next day. An effort was made to keep the 
boxes well covered with pieces of cheesecloth from the time the 
specimens were first placed in them until the revival count was made. 

Expetiment i, Sept, i8 , — Operations took place between 1:45 and 
3 :45 p. m. All grades of calcium cyanide dust and 2 per cent nicotine 
dust were used. The day was fair with clouds and sunshine. The 
temperature was 70°F., and the relative humidity 56 per cent. The 
falling psyllas were caught on cheesecloth sheets spread beneath the 
trees. An attempt was made to count the psylla after dusting. 
The insects were then placed in revival boxes which remained on the 
ground about two hours. During this time an examination was made 
of the lower branches on one tree per treatment. The insects in the 
revival boxes were counted the next day. Table 14 gives the data 
obtained. 

The discrepancies in the first counts made in the field were pre- 
supposed, since it was a very difficult matter to count the specimens 
on cheesecloth under the prevailing conditions. The revival per- 



Table 14. — Cyanide Dusting Experiments in the Middlewood Orchard. 
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centagcs were therefore calculated from the counts made at ine 
laboratory. Both dusts showed a total kill, but the proportion of live 
to dead insects on the tree dusted with calcium cyanide “C” grade was 
much higher than that on the (.)ther tree. It may be possible, too, 
that some psyllas escaped from the revival boxes, but this is not 
ptobablc. 

Experiment 2, Sept, iq.- A hand duster was used to treat two trees. 
Calcium cyanide “A” grade and lime-nicotine dust (2 per cent) 
were used. The temperature was Vo^F., and the relative humidity 
59 per cent. It was a clear day and but little air was moving. Forty 
pie-plates were arranged under each tree to catch falling psyllas. 
These remained on the plates aliout three minutes lieforc being 
emptied into revival boxes which, after being covered, were left on the 
ground about an hour. During this time the regular examination of 
the lower branches of the trees took place. At the end of the ex- 
periment the temperature was 71®F., and the relative humidity GO 
per cent. The data secured arc shown in Table M. 

The “A” grade calcium cyanide dust gave the best results. It 
will be noticed that the dosage was less than that of the nicotine dust. 

Experiment j, Sept. 24 . — Three grades of calcium cyanide dust and 
2 per cent nicotine dust were applied between 1:-10 and 3:30 p. m. 
The temperature at the beginning of the experiment was 62°F., 
and the relative humidity 58 ])er cent. It was clear and sunny and a 
light breeze was stirring. The “A” and “B” dusts were new, finely 
ground materials, while the “C” <lust was the old coarse material. 
Forty pie-plates per tree were used to catch the dislodged insects 
which were allowed to remain about five minutes before collection. 
The specimens were placed in the revival boxes, where they re- 
mained about an hour before removal to the laboratory. Instead of 
the regular tree examination a redusting was made after the first 
psylla collection. The temperature at the end of the experiment was 
60°F., and the relative humidity 58 per cent. Table 14 gives the data 
obtained 

In counting the revivals, insects v'hich showed any signs of life 
were called alive. Due to poor coverings while in the laboratory, it is 
very possible that there was some interchange of live insects of the 
several Revival boxes “A” grade calcium cyanide dust showed by 
far the best control. The number of insects brought down was very 
great and the percentage of reduction high. It is quite possible that 
there was a contamination of both '‘A” and “B” revival boxes. 
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DI STINC; IN THK FIN'(iAR 0K( HARD 

The last few dustin^^ exj^eriments were carried on at the Peter 
Fingar orchard near North German town. A power duster was used 
and the same general methods followed as l)efore. At this time of the 
year the leaves were beginning to turn and fall from the trees very 
easily. The flies had become quite inacti\'e. The pie-plate method of 
collection was used in every case, and the trees were well jarred to 
bring down any adults which might have become entangled. The 
nicotine dust used was a commercial nicotine preparation containing 
about 2.7 per cent nicotine. At the end of the experiment the re- 
vival boxes were taken to the laboratory at Poughkeepsie where they 
were placed on the ground over night. It was endeavored to have the 
boxes as well covered as possible from the time of collection until the 
count. 

Experiment i, Oct. 25 . — Several trees were treated with “A” and 
“B” grades of calcium cyanide dusts and with nicotine dust at about 
3 p. rn. The day was clear and sunny and a slight breeze was stirring 
The temperature was GO^F., and the relative humidity 51 per cent. 
Fifty pie-plates per tree were used, the insects remaining on the 
plates about five minutes before being emi)tied into the revival 
cages. The revival cages used here were wire test tube holders into 
which a i)iece of cheesecloth was placed to ser\x‘ ver\' much like a 
lining. The cloth was about 37 mesh to the inch. After the indi- 
viduals had been placed in the cages, the latter were jarred to shake 
thru the dusting materials and then the loose ends of the cloth tied 
together over the top to form a covering to prevent the esca])e of any 
of the insects which might revive. The cages were allowed to rest on 
the ground about two hours before being taken to the laboratory. 
About 4 :30 the trees were redusted, using “A” grade calcium cyanide 
at the rate of 3 pounds j)er tree. The humidity at the end of the 
experiment was much higher than at the beginning. Table 15 gives 
the data obtained. 

The revival cages used in this particular experiment were not ideal. 
Because of the fine mesh of the cheesecloth and the hygroscopic 
properties of the calcium cyanide, it was impossible to remove the 
dust necessarily gathered with the insects. “A” grade calcium cyanide 
dust was more troublesome in this res])ect than any of the others, 
hence many of the insects were held in a small mass which consisted 
of part calcium cyanide and ])art ])syllas. The insects, therefore, did 
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not have average conditions under which to revive. It is i)ossible 
that many of the creatures brought down in the redusting and shaking 
had been killed by the first dusting. Both of the cyanide dusts 
seemed to have greater killing jjower and a})peared to reach more of 
the insects than did the nicotine mixtures. 

Experiment 2, Oct. 26 . — Finely ground “A” grade calcium cyanide 
dust, coarse “B” grade calcium cyanide dust, and nicotine dust were 
used to treat several trees about 4 p. m. The sun was low and the 
atmosphere was slightly hazy, with a light breeze stirring. The 
temperature was 5()°F., and the relative humidity 71 per cent. The 
revival boxes used in this instance were of the old type, four wooden 
sides with a cheesecloth bottom and this about .‘iO-mesh to the inch. 
The insects were gathered from the plates about four minutes after 
dusting and were placed in the revival boxes which remained on the 
ground about one hour before being taken to the laborator>^ Before 
and after dusting, examinations and counts were made of the lower 
limbs of one tree from each jilat. The individuals in the boxes were 
counted the next morning. Table IG giyes the data obtained. 

The calcium cyanide dusts in almost every case showed a greater 
fall of psylla and a higher percentage of toxicity. It will be noted 
that “B” grade calcium cyanide used at a much smaller dosage than 
nicotine produced better results. 

Experiment j, Nov. 5. — Several trees were treated with “A” and 
“B” grades of calcium cyanide dust and with nicotine dust. The 
cyanide dusts were the old coarse materials. The temperature was 
54.o°F., and the relative humidity 48 per cent. The atmosphere was 
slightly hazy and there were intermittent gusts of wind quite strong 
at times. Fifty pie-plates per tree were used and the psyllas were 
allowed to remain on these no longer than three minutes before 
collection. This was done to prevent the loss of specimens by wind. 
Counts of the psylla on the branches were made before and after 
dusting. The revival boxes remained on the ground about an hour 
before removal to the laboratory. Revival counts were made on the 
next day. Table 17 gives the data secured. 

The thinning of foliage and the gusts of wind caused the dusts to be 
blown thru the trees rather than on them. Conditions were not at all 
satisfactory for a good cloud of dust, hence there was little chance 
that a concentration of gas could take place in the vicinity of the 
trees. Also, since the j^isylla were gathered from the plates almost 
immediately after the dusting, they were not long exposed to the 
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poison fumes. “A” grade' calcium cyanide dusl on the average 
showed the lowest percentage of revivals. The reduction percent- 
ages may not be strictly accurate because dusk came on before the 
counts could be finished and this might have caused some over- 
sight of psyllas. 

Experiment 4 , Nov. 7 . — At this time there were but few leaves on 
the trees and the dusting was held off until late in the afternoon be- 
cause of the wind. Finely ground “A” grade calcium cyanide dust, 
coarse “B” grade calcium cyanide dust, and nicotine dust were ap- 
plied. The temperature was 0S.5°F., and the relative humidity was 
51 per cent. Fifty plates were used per tree, and because of the hard 
wind, the insects were collected immediately after the dusting and 
emptied into the revival boxes. These rested on the ground but a 
few minutes before being taken to the laboratory. An examination 
and count of the psylla on the lower branches of the trees was made 
before dusting, but darkness prevented a second similar count. 
Revival observations were made at the laboratory on the next day. 
Table 18 gives the data obtained. 

Dusting conditions in general were very unfavorable at the time of 
these applications. The treees had very few leaves so there was 
nothing to hold the dust in the trees. The psylla, because of the 
strong wind, were collected almost immediately after the treatment 
and thus were exposed only a very short time to the dust materials. 
“A” grade calcium cyanide dust produced the heaviest fall of psylla 
and stunned them for the instant. “B” grade calcium cyanide dust 
showed the highest percentage of kill of all the dusts. 


Table IO.—Cost of Materials Used in Calcium Cyanide Dusting 
Experiments in 1924. 


Material 


Cost per pound 
OR gallon 


Hydrated lime dust 

CalciUiTi cyanide ‘"C” dust 

Calcium cyanide “B” dust 

Calcium cyanide “A", dust 

Calcium cyanide, lime, and Black lA'af 40 . 

Nicotine, 1 per cent (home-mixed lime-nicotinc dust) 
Nicotine, 2 per cent (home-mixed lime-nicotine dust) 

Nicotine, 2.7 per cent, Niagara A-1 dust. 

Lime-sulfur 1 to 8 

Lime-sulfur, lead, and Black Leaf 40 

Lime-sulfur and Black Leaf 40 


%0.0l 

0.13 

O.K) 

0.19 

0.125 

0.0374 

0.0648 

0.165 

0.0260 

0.024 

0.0191 
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COST OF MATERIALS 

The a])i)roxin'iatc cost of materials used in these experiments is 
^iven in Table H). 


SUMMARY AND CONCLUSTONS 

In the foregoing experiments weather conditions were not always 
favorable for obtaining accurate data. Winds often reduced the 
effectiveness of materials, and together with hard rains, probably 
occasioned the loss of many specimens. Rcinfestation of the trees 
in the McKay orchard was bound to occur due to the flying habits of 
the adults and to the nearness of the respective ])lats. 

Hydrated lime dust or calcium cyanide dusts did not ai)])ear to 
control the pear psylla in the egg or nymphal stages. A mixture of 
calcium cyanide, lime, and nicotine j)roduccd good results in several 
instances, but more evidence is nccdcxl to establish its value in this 
respect. The lime-sulfur spmy at normal strengths containing lead 
and nicotine showed good control. It is very ])robable that the honey- 
dew surrounding the young nymphs acts, under certain circumstances 
at least, as a barrier to dust materials. 

Under favorable conditions calcium cyanide dusts “A” and “B” 
grades and 2 per cent nicotine dust killed great numbers of the 
adults. The calcium cyanide dusts pound for pound appeared to be 
more toxic and more extensive in their effects than the lime-nicotine 
dust (2 per cent) or commercial nicotine dust. 

Practically no injury resulted from cyanide dusts applied to 
mature foliage. Early in the season some burning was occasioned 
when the young leaves were treated with “A” grade calcium cyanide 
dust. 

The best results from dusting with calcitim cyanide dusts and 
nicotine dusts Avere obtained on calm days when the temperature 
was relatively high. It does not seem advisable to use calcium 
cyanide dusts when the temperature is below 55° F. Tho humidity 
is a factor of concern in the case of calcium cyanide dusts, it may be 
said that a direct relationship appears to exist between temperature 
and the effectiveness of the materials. 

Two pounds of grade “B” calcium cyanide dust, at least V/i 
pounds of grade “A” calcium cyanide dust, or 2 pounds of 2 per cent 
nicotine dust pGV average-sized tree arc advisable for best results. 



The foliage should always be dry before calcium cyanide is applied, 
and only thoro applications, should be made. 

A definite schedule for dusting cannot as yet be formulated, but 
the following suggestions are offered as giving promise of effective 
control. An application of a dust made on a warm, still day in 
February or March will serve to reduce the number of over-winter- 
ing adults, if the limbs and trunks of the trees are thoroly covered 
with the dust. A second application should be given when the 
majority of the individuals of the first generation are in the adult 
stage and while some hard-shells (about 25 per cent) are left. These 
stages of the insects may normally be expected in approximately 
10 to 14 days after the petals fall. A third application should be 
made when all the insects are in the adult stage and before any eggs 
are laid. One dusting may be interpolated between the first and 
second applications, if desired. Should a later brood of hard-shells 
appear, they should be treated as suggested above for the first brood. 
A thoro dusting of the trunks and branches on a warm day in Novem- 
ber may be found of considerable value in reducing the number of 
over-wintering adults. 

It may be possible to reduce the amount of dust used in these 
experiments and still secure adequate control. The warmer and 
quieter the day, the less dust will be required. Too many growers, 
however, fail to secure satisfactory control with dusts because they 
do not use a sufficient amount of material and because they do not 
apply the dusts at the strategic time. 


CHINCH BUG 

In Florida, the chinch bug is not a pest of corn but is 
very injurious to St. Augustine grass, the most favorite lawn 
grass of the state. Mr. A. H. Beyer, of the Florida Agri- 
cultural Experiment Station, carried out experiments with 
Cyanogas Calcium Cyanide for the control of the chinch 
bug in 1923. His paper, Chinch Bug Control on St. Augus- 
tine Grass, was published in the Proceedings of the Florida 



State Horticultural Society for 1924, pp. 216-219. The 
portion of his paper dealing with Cyanogas Calcium Cyanide 
is here reproduced. Further experiments by our own ento- 
mologists have indicated that better results may be obtained 
from several applications of Cyanogas Calcium Cyanide 
Dust at the rate of 50 pounds per acre than from a single 
application of 150 pounds per acre (Fig. 5-6). 



with Cvanoj^as “A” Dust for Cliinch lUi^s on St. 

Augustine Grass in IHorida. I'op of Can Punched with 
Holes for Dusting. 
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frequency of cloudy or wet weather dur- 
ing the hatching period of the young 
bugs. This dependency upon certain 
kinds of weather prevents these diseases 
from destroying the chinch bugs in large 
numbers. This disease attacks many 
other insects and is present every year 
throughout chinch bug territory. There- 
fore it becomes abundant under favorable 
weather conditions without artificial in- 
troduction. Another disease which has 
been found of value in chinch bug con- 
trol during humid seasons, and which also 
attacks the cutworm and other insects, is 
Sorospella uvella. 

Because of the fact that these fungous 
diseases are dependent on weather con- 
ditions, it is readily seen that their in- 
troduction in the control of chinch bugs 
is of little economic value. 

Predators and Parasitic Enemies 

Among these the most important ene- 
mies of chinch bugs are lady beetles, 
trash bugs, and the larvae of lace wing 
flies. Ants have also frequently been 
found to destroy chinch bugs. No true 
parasites have as yet been recorded by 
the writer as assailing the chinch bug. 

Artificial Control Measures 

Since the natural enemies of the chinch 
bug cannot be depended upon to hold it in 
check, it is obvious that those who wish 
to keep their lawns in flourishing condi- 
tion must use artificial control measures 
to prevent injury by this pest. 

The writer’s introductory experiments 
in chinch bug control were conducted 
with the use of nicotine sulphate or to- 


bacco dust, and also the introduction of 
tobacco stems to the lawn. Nicotine sul- 
phate spray was applied at the rate of one 
part to 800 parts of water. In most cases 
these experiments were not found very 
effective because of the peculiar nature of 
the insect’s feeding habits upon the grass 
attacked, as mentioned elsewhere in this 
paper. 

The most effective results in control 
were obtained by the use of calcium 
cyanide, a newly produced chemical, 
which as shown from the writer’s ex- 
periments, is about half as strong as 
sodium cyanide, a material which must 
be used in enclosures, such as the fumiga- 
tion of greenhouses, flour mills^ or tented 
fruit trees. The action of this chemical 
.when applied under normal conditions of 
humidity and temperature, or when ^ 
plied to moist soil, is the liberation of 
hydrocyanic acid gas in such quantities 
as to destroy all insects and rodents, the 
period required depending on tempera- 
ture and moisture. 

A scries of experiments were conduct- 
ed with calcium cyanide by sowing the 
dust broadcast over the lawn. Calcium 
cyanide is manufactured in three forms, 
flakes, granules, and powdered or dust. 
All of these forms were used in the ex- 
periments, but the most effective results 
were obtained by the use of the dust. 
This was sown l^oadcast over the lawn. 
Different applications were made, rang- 
ing at the rate of from 60 pounds to 200 
pounds per acre. The dust was applied 
in the heat of the day when the lawns 
were perfectly dry. An inspection from 
12 to 24 hours after the application of 
the dust showed that the most effeetb^ 
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results were produced by the application 
of the dust at the rate of 150 pounds per 
acre. In most cases where more than 
150 pounds per acre was applied uniform- 
ly over the lawn injury by burning w^as 
experienced. The best safeguard found 
by the writer was the use of a little light- 
er application and a repetition of the ex- 
periment in about five days. 

METHOD OF APPLYING THE DUST 

The methods used in applying the dust 
with most satisfactory results were first, 
by means of the fan or blower duster. 
The bellows duster was not found to be 
so satisfactory because of its intermittent 
flow of dust. Another method which was 
found quite satisfactory was the use of 
a large can or bucket with a closely fitting 
cover which was punctured with a 6 or 
8 penny nail to form a sifter top. By 
this ingenious device the dust can be 
sifted uniformly over the lawn. Under 
favorable conditions the most effective 
killing results were from 80 to 95 per 
cent of the chinch bugs. 

The dust should be applied when there 
is as little wind as possible during the 
heat of the day, and the operator should 
be careful not to get his head directly 


over the container, or to breathe in the 
dust or fumes from the freshly opened 
cans. Where this precaution is observed 
there is very little danger. If one stands 
on the wu'ndward side of the container 
there is no danger in handling the ma- 
terial in the open air. 

CALCIUM CYANIDE 

Calcium cyanide is a substance having 
somewhat the appearance of slate. When 
exposed to moisture it gives off hydro- 
cyanic acid gas, and where sufficient 
quantities are applied it is deadly to all 
forms of plant and animal life. When 
calcium cyanide is applied to a lawn there 
is no danger of the fumes of the hydro- 
cyanic acid gas rising in sufficient quan- 
tities to be injurious to human life since 
it has about the same density as air. 

Whenever the application of calcium 
cyanide is completed the duster or sifter 
used should be thoroughly cleaned, as 
when calcium cyanide unites with the 
moisture in the air a reaction takes place 
which corrodes the metal portion of the 
sifter or duster, and either effects the 
efficiency of their working or destroys 
them entirely by eating holes in the metal. 
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THE BRONZE- BEETLE. 

ITS HABITS AND (ONTKOl. AS AN OKCHARI) 1‘KST. 

David Mii.lek, KiFoinolouist, Biological Laboratory, Wellington. 

Most of tlu' insects injurious to orchard tri'os and fruit in Xcw 
Zealand can be successfully held in subjection by the usual spraying 
practices. One of the fi‘\v spiaaes that so lar has evaded control is 
the bronze-beetle (Fig. i). 'This insect occuis in most {larts of the 
Dominion, but not in all districts is it outstanding as a detrimental 
factor in fruitgrowing. Wlu're it ha> liecome a pest it is conspicuous 
mainly for its damage to developing apples, though se\ end other plants 
are attached - c.g.. pear, plum, 

peach, gooselierry, black currant, 
raspberry, and blackberi)’. 

Normally tlu' lironzedieetle is 
a foliage -feeder, attacking the leaf 
in such a way that small shotdike 
holes are eaten through tlu* lamina 
(Figs. 7 and 8). llowex-er, the chief 
damage is caused by the beetle eat- 
ing patches from tin' I'pidermis am' 
underlying tissue of de\’eIo|)ing fruit, 
mainly the apple, which, though not 
actually affecting the eatingapiality 
as a rnle, reduces the export value 
of the crop to a degree' varying 
with the extent of damage' te) each 
individual apple'. 

The beetle at(<ick^ tlie ap|)le 
most frequently in the vicinity of 
the stalk, or sometimes the stalk 
itself; and even the' young bark at ‘lo. i. HRD.N/KuEiiTLc. o. 
times is devoured from growing n /•; /?, n . v, 

shoots. But the general surface of 

the apple is subject to attack, especially where clusters of fruit 
occur. Mr. J. H. Kidd, of Greytown,* states that when the bronze- 
beetle was excessively abundant one season the epich'iniis of the 
apple was not only eaten, but the fruit in many cases was devoured 
to the core. 

Though the beetles may attack singly, it often happens that a 
number congregate at one spot, resulting in larger or smaller irregular 
areas of the apple-surface being damaged. In the case of very young 
fruit the smaller wounds may heal over (Fig. 3), leaving but little 
blemish on the mature fruit. Too frequently, however, the wounds 
do not heal over evenly, or, if they do, a scab-like patch of varying 

* Mr Kidd has rendered most valuable assistance in the experiments to 
control bronze-beetle, and has also given important information based on his 
observations of this insect over a number of years. Wc are also indebted to him 
for placing his trees at our disposal for experimental purposes. 
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Nizi' iviiiiiiiis on lln‘ surface. Anothor characlcristic rt'sult of bronze- 
berth' injiUA' is inalloi inalion. This may lake tlu' form of a small 
scabl)y nodule laojeelini; from the surfaer of the apple at the j)oint of 
(lama,y('. e)r the whole side of the fruit may t;row out abnormally, 
di^stroyiny its s\inmetr\' (Idj^s. 5 and (>). In some eases j)ronouneed 
lisMires separ.iti' the nodules wlu'U tlu' aj)j)le has lu'c'n attaeki'd at 
inoii' than one |)lae('. 

K(\yardin,i4 tlu' \arieties ol apples alt.teked, there seems to be a 
considerable dilferi'nee. At (ireytown, Cox's ()ran,Lte and Ribston 
Pi))j)m welt' tlu' most severely dama.^t'd. and ( iraxt'nsttin slightly so. 
whih' Dt'lieious and Sturnu'r wi'ic remark.d)l\’ fret' of injury. The 
clusU'iing of ap|)l*'s. as in the ease ol (Ox’s (Iraugt', has prol)ably a 
good deal tt) dt.) with this variety being so st'verely attacked, since 
tlu' 1 teeth's prefer slu'ltered locations while fet'ding. This j)oint was 
especially notice.d)h' at (ireytown, tilt* bt'c'th'S being not only most 
abundant among cluslt'ring .ipph's, but also on the h't'ward sidt' of 
trees during strong winds. 

Concerning the lile-history ol the bronze-bet'ile but little is as 
yet known. I'his inst'ct, likt' the brown or chafer beetle (Odonlria 
:c(d(indic({), is mostl\- acti\’e over a comparati\'ely short |)erio(l during 
Nt)\ t inbt'i and December of ('ach year. .Mr. Kidd, during 1924, 
obseiNtil lilt' tirst lieetles on 2()th ()<dol)er, but in thi' following season 
(i().y5) tlie\- were not noti('('d until the first week of Ncn'ember, 
naciiing <i maximum beiwi'eii tlu' 2oth and 30th of that month. 
Duiing the first W('ek of 1 )ec('mb('i-, wIk'U tlu' control experiments 
here leconh'd weiv caiiT'd out. th«‘ beeth's, though past their maxi- 
iniiin, were still e.xtreiiK'ly abundant. Toward tlu' close of th(' yi'ar 
tlu' numbers beconu' h'ss, aud only a few are on th(' wing early in 
January. 

Regarding the h>nge\ity of tlu' beeth'S it is of inti'ii's! to note that 
specimens captured on 4th December li\ed in the Laboratory until 
tile 40th of th(' month. Thus the lile of the bei'th' may I'Xtend over 
a period of about one month, giving soiui' indication of what taki's 
place under natural conditions. 

.\ characteristic of the bronze-beetle is its flea-like leaping habit, 
and the ease with which it will drop to the ground when the trees are 
jarred. On returning to a tree the beetks V('ry often move along the 
ground toward the bole before Hying up. 

There is no doubt that tin* larv.e live in the ground, feeding on 
plant -roots, though no larvjc have been as yet definitely locati'd in 
the fu'ld. In one place wlu're the lieetles are particularly prevalent 
on the tii'es each tear, larva-, certainly of the same group to which 
the bronze - b('(’tle Ix'longs, W(*re dug up from among grass-roots 
during June, but could not be reared to maturity. In the Laboratory, 
liei'tle- have laid their eggs in soil, and larva.' have hatched out but 
died after a few days. In the held, beetles drop from the trees and 
fuiry themselves beneath particles of soil, fuit, though many were 
followt'd, no actual egg-laying was witnessed. Around the base of 
beetle-infested trees a great number of the insects are to be found 
thus buried. 

CONTROL. 

A factor that apparently has .some effect in checking the br'inzc- 
beetle is cultivation of the orchard. This is f)orne out by the fact 
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that the larvcC live underground. Mr. Kidd found that when an 
orchard was uncultivated, so that grass and weeds covered the 
ground, the beetles were extremely abundant, and apples were eaten 



FIG. 5. MATURE APPLE 'SHOWING SCABBY APPEARANCE AND MALFORMATION 
RESULTING FROM BRONZE-BEETLE ATTACK ON IMMATURE FRUIT. 



FIG. 6. 


MATURE APPLE SHOWING RESULT OF SEVERE DAMAGE BY 
BRONZE-BEETLE. 


[Photos by H. Drake. 


to the core as mentioned. Even gooseberries were so badly attacked 
that they had to be sorted after picking. Thorough cultivation was 
instituted, however, and each season, as the orchard became properly 
worked, the beetle infestation gradually lessened. 



BLACK-Cti^RRANT LEAF SHOWING BRONZE-BEETLE ATTACK. 
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kcganlin^j; insLCt i( ides, -iiuc lead aiM n.itc h<is so far proved 
iiu“ffecti\’e as a satislartoi y moans of control, it wa.s decided to try 
dusliny^ with calcium ex .inide dust. “ ('yanoi^as ('alcium Cyanide A 
Dust,” manufactured hy tlu' American Cyanamid Company. l)eini< used. 
Atmospluric moislure .ind the c\anide interact, resulting in tlu* 
(W'oliition ot hydioc\<inic-acid ,L;as. 

The dustiny was cairied out in (he open air. tlu' trees not l)ein^ 
enclosed in tents. 1 he weatlua' conditions at the tinu' wi'ie tar Iroin 
ideal on ac'count ol stroni; winds and int(‘i init tent showers; hut the 
results of tli(‘ e\[)eiiments sliow that there is exarx- possidilitx’ of 
dusting with cyanide laing a me.ms of eontrolling the Ixa'tle. 

With the dust an eipi.d (pi.mtitx' of air-slaked lime was mixed as 
a ('arrier. An amount of i Ih. of cxsinide w.is a|)j)li('d to eaihi tree, 
the trees Ixing tS ft. ai)art holh ways, and lo ft. high. .\ large 
slieet ot sacking xvas sjiread on the ground beneath each titc as 
it was treat('d, so that when the Ixa'tles lell the\' were easily 
oliserved. 

1 he gas liberated troin the iy<mide caixid the beetles to tall 
stupelied a few seconds alter a|)plication, l)Ut it was found tliat though 
many died <i cousidei able number recoxcicd and returned to the tree, 
lo overconu' this, three-epi.n ti rs ol the ('xanide xx’as blown on the 
tn'c and the remainder on the ground immediately Inneath. This 
prox’ed ettectiv'c, and the stn|>eli(.(l beetles on dropjang were unable 
to reco\'(T, being killed In tin* gas lilreraled Iroin tin' (X’anide apjilied 
to the ground. 

It was found that approximatelx' 73 jur ciiit. of tlu' beetles 011 
each tree treated xxcre kilK'd. lo airix'e at this [lerc'entage counts 
well' made of the dead beetk s on tlu' slu'et. l lu se wire llu n 
removed and the main liinlis of tlu* tree slndxen, so that most of tlie 
living bcH'tles n-tnaining dropj:)ed, togc'ther with a number of dead ones 
which had not tallen during the a})|)lication of the dust. The ck‘ad 
beetles were discarded and only tlu' lixing counted, siiic(‘ it xxas found 
that a proportion ot lixing beetles would still remain on each toae 
Ihe 75-per-cent, kill xxas remarkably constant tor l ach ( xpei iiru nt . 

under ideal conditions ol laihn weather there is no doul)t that the 
percentage of control would liave been much liighi'i. Though the 
experiments were carried out under the Ie(‘ of slu'ltei; belts, then' was 
surticieiit xvind to ilispei.se a considerable portion of tlu' dust. The 

weather liad been ^hoxx'ery, thougli the tiars were' dry at the time of 

dust ap|)licalioii. bhe temperature was Of)'' T. 

During the experiim-nts it was found that tlu^ l)est results were 
secured when the dust was l)lown on to the aj)})I('s. especially ( lu.^ters, 
since it is there that th<‘ Ircetles mostlx’ congn-gate. 

A])art from tlu' control of bronzc'-betAk', tlie experiments .showed 
the po.ssibilities of calcium-cxanide dust as a general imsecticide. 
For example, tlie control of ajipk' leaf hoppta' was very close to 
100 per cent., as near as could be reckoned. These leaf hoppers 

dropped dead immediately the dust was applied. Tlu* effect 

upon aphids was also xcry pronounced, but in this case the best 
results were .secured wlieii the diut came in actual contact with the 
in. sects. 

Further experiments arc being (ariT'd out and xvill be recorded in 

due course. 



THE WEST INDIAN CANE FLY 


The West IndianLane hdyor I. eaf hopper, *SV/rr//<^/rr;.v)7///e 
[Dciphax) sa( charivora Westwood, is sometimes destructive 
to sugar cane in Haiti. 

Dr. (jcorge N. Wolcott, Kntomologist of the Service 
Techni(]ue, I^)rt-au- Prince, Haiti, has conducted experi- 
ments with Cyanogas Calcium Cyanide for the control of this 
insect on sugar cane, and makes mention of this method in his 
as-yet-unpublished treatise "Kntomologie d’Haiti.” 

Through the kindness of this author, we have been per- 
mitted to publish the following interesting account of this 
insect as well as the accompanying figure, (big. 7-6). 

''S/u'charosyd ne saccharivora Westwood is a beautiful 
light green b'ulgorid with transparent wings, which some- 
times occurs in sucli numbers on the underside of the leaves 
of sugar-cane as to be a pest of considerable importance. 'The 
first indication of infestation is that the leaves appear to be 
covered with a black crust. This is a sooty mold which grows 
on the deposit of a sweet sticky substance which the b\ilgorids 
excrete in the form of fine ilroplets, which collects on the leaves 
below\ As one walks through the cane, a cloud of minute 
dying green insects is noted, and by looking at the underside 
of infested iea\'es, one will see all stages of the insect. 

“The adults have long transparent greenish wings, and 
the females at the posterior end of the abdomen have a mass 
of chalky white, fkilTy substance like wax. She lays her eggs 
in clusters in the midribs of the leaves of cane, covering the 
wound with some of the Huffy substance. 'Phe minute greenish 
nymphs hatch in a few days, and as soon as they begin to grow, 
excrete more of this waxy white material, which collects in a 
long filament at the end of their body. They grow rapidlv, 
sucking juice from the cane leaves, and if undisturbed, will 
transform to winged adults without moving from the leaf 
where they were born. The adults can Hy, but ordinarily do 
not disperse far in a cane Held until the originally infested 
leaves become too crowded, or unless disturbed. They tend to 
remain on the underside of the leaves, but on heavily infested 
young cane plants may entirely cover both sides of the leaves. 
If the infestation is thus severe, they may kill the cane, and 
even in nearly mature cane may cause considerable stunting. 

‘'This insect is quite common in some sections of Haiti, 
while in Cuba and Porto Rico it is comparatively rare, as it 



has numerous parasitic enemies. In Barbados, and especially 
in the dryer portions of Jamaica, it is sometimes a very serious 
pest. Up to a few years ago, control by means of insectic ides 
was most unsatisfactory, as the insects on the under side of the 
leaves were hard to reach and kill by means of a spray, and 
those disturbed and flying away would {)nly serve to spread 
the plague. 

‘'Recently, with the development of calcium cyanide as an 
insecticide dust, control of this pest has become so simple that 
injury by it can always be prevented if a supply of the insecti- 



7-0. — Adult and Xvniph of Sacduirosydnc saccJianvora W c*stw. 
Plate u.sed throiicdi courtesy of (i. Wolcott.) 


cide can be obtained within a reasonable time. The dust kills 
within a few minutes practically all the insects, both nymphs 
and adults, present on the plants dusted. repetition of the 
dusting a week later will kill the young nymphs which have 
hatched from the eggs, as well as any insects missed by the 
first application of the calcium cyanide. The dust can most 
efficiently be applied by means of a dust gun, which indeed, 
is almost indispensible.” 





SUGAR CANE FROGHOPPER 

The Sugar Cane Froghopper, Touinspis saccharina Dist., 
is the seourge of the cane-growing industry on the Island of 
dVinidad, British West Indies. Although its present range is 
restricted to the West Indian Islands of Trinidad, (Grenada, 
and St. V^incent, its ravages in I'rinidad alone have been suffi- 
cient to occasion great concern among the growers. 

At the beginning of the rainy seas{)n, in May or June, 
the first brood attacks the blades of the cane, causing them to 
drv up and die as if '‘blighted.” When this brood has passed 
the canes throw out fresh leaves and resume growth once more. 
After an interval of two months, the cane is again set back by 
the attack of the second brood which is usually, but not always, 
of greater severity than the first. Fhe third attack also occurs 
after a similar interval. I'he destructive effect of these suc- 
cessive attacks upon the development of the cane is very great 
and the yield is reduced to a considerable extent over the in- 
fested area. 

In 1925, there were 6,583 acres of cane on the Island 
which were “blighted” by the Froghopper. The loss sus- 
tained was estimated at fully $1 ,()()(),()0(). These losses were 
so depressing to the industry in Trinidad that a special com- 
mittee was appointed by the Governor of the Island to under- 
take investigations for the control of the Froghopper pest. 

In 1925, tests for the control of this insect with Cyanogas 
Calcium Cyanide were instituted by Mr. F. W. Urich, Fnto- 
mologist, and Mr. William Nowell, Director, of the Saint 
Clair Experiment Station, Fort-of-Spain. It was found that 
Cyanogas was the only insecticide which would penetrate the 
froth surrounding the nymphs and effect their kill. 

During 1926, further tests were advocated by Mr. Lh*ich 
and Mr. Nowell, and were duly carried out. These tests 
proved that dusting with Cyanogas was an effective and prac- 
tical method of control. An account of these experiments 
reprinted from the “Minutes and Proceedings of the Frog- 
hopper Investigation Committee,” Part IV, pages 83 to 98, 
is here given. 
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A DUSTING TRIAL WITH “ CYANOGAS ” ON 
FROGHOPPER NYMPHS AT HARMONY HALL 

By R. Follett-Smith, b.sc., a.r.c.s. 

The trial was conducted on 30th and 31st August, 1926, by 
Messrs. McKinstry (Observer, Southern Section), Inniss (Harmony 
Hall Estate) and tiie writer, under ihe supervision of Mr. F. W. Urich. 
A method suggested by the Chairman of the Scieiilific Committee 
was employed. 


Method . — Eighteen beds, 300 by 25 feet, apf)roximately, 
one-sixth acre each belonging to field No. 4, Savannah, were selected.* 
They had been planted on abandoned land in October, 1924, with 
BH 10(12), across the beds, six plants in each row. The stools had 
been trashed, and the beds weeded and rriouldcd, before the trial was 
.commenced. Second brood nymphs were fairly abundant. The 
weather was lint and sunny, with a slight easterly breeze blowing. 
The soil w’as damp, but not wet. 

The degree of froghopper infestation w'as measured by assigning 
marks to one stool in each row throughout each bed. The highest 
degree of infestation, as gauged by the amount of spittle present, was 
marked “ 5,” and the lov/est (complete absence of spittle), was 
marked * 0. ” The .selection of stools was made at random, the 
selected stools being denoted by knots tied in their leaves. Some 
forty stools in each bed were assessed, thus involving numerous, but, 
unbiassed and separate judgments. Each observer examined six 
beds, both before and after the dusting operation. 


Alternate beds weie dusted with “ Cyanogas A. dust ” (a powder 
contai.ning 50 per cent, of calcium cyanide), applied round the base of 
every stool by e.stalc labourers, usiiig hand dusters. The amount of 
dust applied to any one stool depended on the amount of visible 
spittle. The time required for the complete dusting operation was 
4i hours, four dusters being continually in use. 
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(i 1)2 


After 18 hours, all the selected stools ’n each bed, both 
dusted and undusted, were again examined and marked. In the 
cases of certain beds, counts weie again made by Mr. McKinstry 
after ten or seventeen days had elapsed from the day of the experiment. 

Results . — It was noticed that spittle, on which the Cyanogas dust 
fell, usually collapsed and partly dried up, thus exposing the nymphs 
to the destructive effect of the liberated gas (hydrogen cyanide). 
Even when the spittle did not collapse, dead nymphs were frequently 
found within, thus demonstrating the high diffusing and penetrating 
power of the poison. 
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Conclusions- ■{] ) flie average initial degree of infestation pci stool, 
was 47.3 per cent, of that of the most highly infected stools, being thus 
a medium figure. 

(2) In the case of the majority of the control 
(undusted) beds, the percentage figure representing degree of 
infestation, had markedly increased during the 10 or 17 days 
interval that had elapsed from the date of dusting. This implies that 
eggs were continuously hatching throughout the period of the trial. 

(3) The degree of destruction after 18 hours Wtis 
relatively very high (average, 81.9 per cent.). It was maintained fm 
10 to 17 days (average, 81.0 and 86.1 per cent.), implying either (a) 
that no more eggs capable of hatching into.froghopper nymphs were 
initially present in the dusted beds (which is contrary to what wa.s 
found for the undusted beds), or (A) that the Cyanogas treatment had 
destroyed eggs as well as nymphs. This possibility will further be 
tested by special experiments. 

(Quantities and Costs. The amount of Cyanogas powder used 
per acre was 30 lb., delivered from the “ Cyanogas ” hand duster. 
(The “ Furet ” duster was found to he more w'a.steful, delivering 
some 65 lb. of dust per acre for satisfactory results). 

The price of Cyanogas powder in Trinidad is 25 cents per lb. 
hence cost per acre (30 by 25-~$7.50). 

The cost of labour (including supervision) was less than $1.00 
per acre. Total, $8.50 per acre. (With more practice in applying 
the dust, and the employment of a diluted dust (using talc, powdered 
charcoal, or white clay as dilutant), the total cost might possibly be 
reduced to $6.00 or $7.00 per acre.) 

20th September, 1926. 

ENTOMOLOGICAL NOTE ON ABOVE. 

At the time the dusting was carried out there was a predominance of 
nymphs and few adults were in the cane leaves. The nymphs were mostly 
in the 3rd and 4th stages and a small percentage was about to issue as adults. 
It was therefore the best time to dust. Another factor that made dusting 
more effective was that all small fissures in the ground and around the cane 
stools had closed owing to the prevailing moisture. It would have been better 
to have left the trash on the cane stalks as many of the dry leaves contained 
eggs which might have been affected by the gas ; moulding up the canes might 
also have been omitted as it provided in some cases a biding place for small 
nymphs which possibly the gas could not reach. A froghopper nymph shuns 
light as much as possible, but it also avoids excessive moisture. Most of the 
nymphs wore on the cane stools and there were hardly any under the boucans. 

30th September. 1926. F. W. Urich. 
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A DUSTING TRIAL WITH “ CYANOGAS ” AT 
CARONl ESTATE. 

By F. Hardy (Chairman, Scientific Committee). 

In viev/ of the successful use of “ Cyanogas ” dusting powder 
for destroying froghopper nymphs at Harmony Hall (See p. 83). 
a further trial was attempted on 20th September, 1926, at Carom 
Estate. The following team conducted the actual counting— 
Messrs. Shand, Ross, and McKinstry (Official Observers under 
the Committee), Mr. Hinchy (Chemist, Carom Estate), and 
Messrs. Follett-Smith and Hardy. Mr. Urich supervised the 
dusting operations. Mi. Grant (Manager, Caroni Estate), rendered 
valuable assistance throughout the whole trial, and Professors Ballou 
and Brlton-Joiies witnessed some of the proceedings. Mr. Arbuckle 
(Attorney, Caroni Estates, Ltd.), inspected the initiation of the 
work and its results. 

Method. — Thirty-eight (38) beds, each 250 by 20 feet (approxi^ 
mately -J- acre), belonging to held No. 86, Frederick, were selected. 
They had been planted in September, 1924, with D 109. The stools 
had been weeded two weeks before the experiment, but had not been 
clean-trashed. Second brood nymphs were fairly abundant, but 
not so abundant as they had been during the previous fortnight. The 
soil was fairly dry on the surface (contrast the Harmony Hall 
conditions). The weather was hot, dry and sunny. 

Exactly the same method of counting was employed for assessing 
the degree of froghopper infestation, before and after dusting, as in 
the Harmony Hall trial previously reported. Alternate beds were 
dusted with “ Cyanogas ” by estate labourers, using “ Cyanogas ” 
hand dusters. 

After 5 hours, some of the dusted beds were again assessed. 
Next day, another assessment, of a greater number of beds, both 
dusted and control (undusted), was made. After seven days, a 
final, complete assessment, was made. As far as possible, each 
observer assessed his own beds throughout. At the end of the trial, 
(28th September), the whole field of canes had practically succumbed 
to froghopper attack, and little second brood spittle was discernible. 



Results.—The following tabfe records the numerical data obtained. 
r.ABLE OF RESULTS. CARONI DUSTING TRIAL. -(20th September). 
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Conclusions. — (1) The average initial degree of nymph infestation 
per stool was 38.1 per cent, of that of the most highly infested stools^ 
which is not particularly high, because — 

(2) The nymph-infestation over the whole area 
was apparently waning at the commencement of and during the period 
of the trial, as indicated by the marked decrease in the figure repre- 
senting the degree of infestation in the “ control ” beds at the various 
times when counts were made (38.1-32.2-19.9). (Contrast the 
Harmony Hall data, which showed that nymph infestation there was 
naturally increasing during the period of the trial.) 

(3) The degree of desh action after 5 or 20 hours 
was relatively very high (average, 78.5 per cent. ; compare the 
Harmony Hall figure, 81.9 per cent.). It increased slightly during 
the next 7 days (average, 80.0 per cent.). bother or not froghopper 
eggs were also destroyed by the dusting still remains to be ascertained 
by further Inspection of the beds during the next few weeks. 

Quantities and Costs. — The quantity of “ Cyanogas ” powder 
used per acre was approximately 27 lb., delivered by the “ Cyanogas 
hand duster (contrast 30 lb. per acre in the jdarmony Hall trial). 
Hence, cost per acre of material, -27 x 25c.— $6.75. Assuming cost 
of labour per acre to be $1.00, the total cost per acre was $7.75. 
This figure might considerably be reduced by using a diluted dust, 
and by further experience in dusting. 


29th September, 1926, 



A DUSTING TRIAL WITH “ CYANOGAS ’* AT 
WATERLOO ESTATE. 


By F. Hardy (Chairinan, Scientific Committee). 

A third field trial with “ Cyanogas ” dusting powder was 
carried out at Waterloo Estate on 22nd September, 1926. The 
following team performed the counting and recordiiig ; Messrs. Ross 
and Shand (Official Observers), and Messrs. Follett-Snnth and Hardy. 
Mr. McKinstry (Observer), helped m the dusting, and Mr. J. 
de Vcrteuil (representing Mr. Urich) supervised the dusting. 
Mr. Reid (Assistant Cultivation Manager, Waterloo Estate), rendered 
valuable assistance throughout, and inspected some of the beds after 
the dusting. 

Method . — Twenty beds, each 200 by 20 feet (approx, acre), 
belonging to field No% 22, Waterloo, were selected. The cane stools 
had been weeded, and were trashed on the morning of the experiment. 
Second brood nymphs w'ere very abundant, spittle being plentiful. 
The morning was rainy, and nothing, except the trashing, could be 
done until afternoon. 

The same method of assessing the stools as regards intensity of 
froghopper infestation was practised as at Harmony Hall and at 
Caroni. Alternate beds were dusted by estate boys, using 
" Cyanogas ” hand dusters. The effect of the dusting was assessed 
next day (23rd September), and again one week later (30th September) 
by the same team of recorders. 
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Conclusions —{\) The average initial degree of nymph infestation 
per stoM was 62.8 per cent, of that of the most highly infested stools 
which is relatively very high (contrast 38.1 per cent, at the Caroni 
trial and 47.3 at the Harmony Hall trial). 

(2) Nymph infestation was nevertheless waning 
at the time of the trial, since the degree of infestation of the control 
beds had fallen off from 62.8 to 36.7 per ce.it. during the week which 
elapsed between the two recounts. 

(3) The degree of destruction after 18 hours was 
high (82.4 per cent.), and increased noticeably during the next week 
(92.9 per cent.), These are the highest figures yet reached in our 
dusting trials. 

Quantities and Costs.— The quantity of “ Cyanogas ” powder 
used was 48 lb. per acre. This, of course, is excessively high. 
Owing to the youthfulness of the dusting gang, much powder was 
wasted. In most instances, the amount of froghopper spittle was 
so great that considerable quantities of powder had to be expended 
to cover it. It was noticed in certain cases, however, that even when 
the spittle was not covered, the poison gas penetrated into it from 
adjacent ducted spittle. Furthermore, one bed (No. 17) was 
purposely only lightly dusted, say at the rate of some 10 lb. per acre. 
Here, the destruction was only 44.2 per cent, after 18 hours, but it 
increased to 81.7 per cent, in 8 days. These values arc merely 
approximations, however, since they arc derived from data relating 
to one bed only. 

The total cost of dusting at the rate of 48 lb. of powder per acre, 
is about $13.00, which, of course, is piohibitivc. Probably equally 
satisfactory results could be obtained at a much lower cost, by better 
supervision, greater care in dusting, older and more efficient labourers, 
and a diluted dust. 


30th September, 1926. 



/ NOTE ON 'EHE RESULTS OF - CYANOGAS " DUSTING 
TRIALS FOR DESTROYING FROGHOPPER NYMPHS. 


Bv F. Hardy (Chairman Scientific Committee). 

I .he rlctailccl results of tH: field trials with ** Cyano^^Ms ” dusting 
powder on fioiyhopper nymphs are recorded in three papers publisl.ed 
;u the “ pKDCcedinps, ’ iiamcly, (I) Harmony H<ill Frial, by R. Follett'- 
Smith. (2) Carom Trial, by F. Hardy, (3) Waterloo Trial, by F. Hardy. 
The follovv'in;< table i^ummai i/<'s these results for comparison. 



Harm on V 1 
Hall. 

' r 

1 C. ironi. 

j Waterloo. 

Date of dust in c' 

.nOih Aug. 20ih .Set.it j 

22nd Sept. 

Period of trial 

17 days 

8 d . V S 

(S driys. 

Number and area of du‘;led beds 

9 

1^^ 

10 


(1-6 acre) 

^ (l-‘l acre) (I-l 1 .acre) 


each 

each 

1 each. 

Number and area of control beds 

do. 

, do. 

1 do. 

Weather conditions 

}• 1 n e 

i h'lne 

j Cloudy. 

Soil condition 

Damp 

i Dry 

' Damp. 

State of cane stools 

; Weeded. 

' Weeded 

W eeded 

Intensity of infc.station 

mouHed 

and 

i trashed i 

only 

and 

trashed. 

(a) at beginning of trul 

: 47.3-';, 

38.1"., 

62.8-„ 

(/») at end-^d trial period (Control beds) 
Degree of destruction ; 

i 60!8^. 

19.9'-,, i 

36.7A. 

(a) a few hours after duslitig i 

8I.9N, 

78.5-0 

82.4% 

(b) at end of trial ju-riod (Dusted beds) ; 
Quantity of ’* Cyanogas ” powder used 

' 86. P’;, 

1 

80.0-O 

92.9-0 

per acre .. 

Approximate total cost per acre 

30 Ih. 

27 lb. 

48 lb. 

( * Cyanogas ’ at 25 cents pe.* lb.) 

$8.50 

$7.75 

113.00 
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riiesc results .ippcar to warrant the following conclusions : — 

(1) Cyanogas ’ dusliiig |>owcler is entirely satisfactory as an 
insecticide for frogliojiprr nymphs in spittle. 

(2) It IS easily g,pplied hy ordinary estate laboLircrs, with the 
usual estate supervision. 

(3) It entails no cciuipinenl beyond band dusters, winch cost 
only S2.50 each. 

(4) It IS iclativclv harmless to opcr.itivcs, provided reasonable 
precautions arc taken. 

(5) it seems not to be inlurlou.-. U> cane plants, If ap^^died only 
to stem bases and <idventit:uus roots. 

(6) It rapidly decompose;; (evolving poisonous hydrocyanic 
acid 4 ^as), (jnd leaves only >laked bme as a residue In 
the sod. 

(7) Its period of Ictlial activity is short (probably 4 or 6 hours 
in damp, not wet, soil). 

(S) It can thcrc.^orc jirodiicc no harmful after-effects. 

(9) The cost of application is small. 

(10) It is not bulky to handle. 

On the other hand, 

(1) “ Cyanogas ” powder is somewhat expensive (25 cents 

pci lb. in 1 ilnidad). 

(2) It is liable to rapid deterioration if not. carefully stored in 
air-tight containers. 
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(3) “ Cyanogas ’* hand dusters are somewhat flimsy in 
construction ; they need to be properly lubricated with 
graphite when in use, and thoroughly cleaned free from 
powder after use. 

(4) Supervision of the dusting gang must be rigorous. At 
least one reliable driver lo four dusters is required, 
particularly until the dusters gain proficiency. 

(5) “ Cyanogas ” dusting powder destroys beneficial insects 

(predatory enemies) and sina!) animals (lizards and frog?.), 
as well as froghoppers, but only when it actually comes 
into contact with them, or fails in their imniediate 
vicinity. 

(6) It must he used with caution, even though not usually 
dangerous. The dusting operation should always be 
commenced at the windward sine of a field or bed, so that 
the dust is not blown into the faces of the labourers as 
they progress. The hands should be washed after 
contact with the dust, and the antidotes recommended 
on the “ Cyanogas ” tins should be available in case of 
need during large-scale operations. 

(7) Possibly, more tium one dust-application may be necessary, 

particularly if the first application has net been accurately 
timed. Our field experiments, however, seem to indicate 
that the lethal effect of the dust is much more general and 
extensive than would be expected. There is some 
evidence that it destroys froghopper eggs as well as 
nymphs (see Harmony Hall results), but this point needs 
yet to be proved. 

(8) It is usually believed that “ Cyanogas ” powder should be 
applied only when the soil is dry or but slightly moist. 
Our experience seems to indicate, however, that it is very 
effective even irr soil that is quite moist (see the Waterloo 
results). It would probably be unwise to apply it 
during rain. 
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(9) The rate of application ncccsorry in order to ohi.iin the 
best results ai/i)ears to l:c ahoul 30 lb. per acre. 1 hu 
ainoiiiit niay {jossibly be considerably rediKcd by djlnling 
the pcAvder with some such substance as qnick-linir, 
slakcd lime, talc, flour, dry powdered clay or powdered 
charcoal. F.xperiments are now i eii.p devised to lest 
I his possibility when third-bri cd nympks apj ear. 
Mixtures of “ Cyanoi-yas ” powdei with, such dibitenls 
will be compared among thiCmscKcs and with ceitaii'i 
liquid insecticides rlumig the next few weeks, employiijg 
the same method of counting as before. 

1st October. 1926. 
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A PRELIMINARY TRIAL WITH “ CYANOGAS ” POWDER 
AS INSECTICIDE FOR FROGHOPPER ADULTS. 

By F. Hardy (Chairman, Scientific Committee). 

At the suggestion of Mr. F. W. Unch, a trial of “ Cyanogas ” 
powder as means cf destroying frog.hoppcr adults was made at 
Ca!\>ni Estate on the e\ening of 24th September, 1926, by 
Mr. R. Follett-Smith and ihe wriLcr. The space lictween a row of 
idtoOn canes and its adjacent rows was revered with ** domestic 
calico. Several stools were then dusted with “ Cyanogas ” pov/oer 
from abovx', the operator standing on a ciiair. An ordinary 
Cyanogds ” duster was used. At the time of the experiment, 
adult froghoppers ’.vere not particularly ahiindanl, but those that were 
rn evidence were out on the upper ends of the cane leaves, or were 
in fligfit. After numerous attempts, a fairly dense cloud of dust was 
put up, and many of the adults Were directly hit. N< vcrthelcss, 
only 10 dead insects were counted after half-an-hour s effort. 
Possibly, many of the adults tliat had come into contact with the 
fjowcler escaped without falling on to the calico. Nevertheles?, the 
treat meiit apj)earcd to be ineffectual as a j racficable and adequate 
mtaris of destroying frogliop-per adults, and was consequcMitlv 
^baP.noiied. Even if it had been effective, tl.e amount of powder 
required to destroy the insects would have been prohibitive, and the 
danger accompanying its use too great io favour it. Perhaps, the 
use of a diluted dust may have heen just as effective and, at the same 
llnve, less w’^rsLeful, |;artieularly if it had la.cn ajqilicd \vilh greater 
force as from an aerojilanc in accordance with Dr. Wilhycombe s 
suggestion. As a field method, applicable under ordinary estate 
conditions, dusting with “ Cyanogas ” appears to have little to 
recommciid it as on insecticide against froghuj/per adults. Its 
gtcat<'st value would seem to he exhibited when it is employed as a 
dusling powder on fro.ghojiper nymphs. 

28th September, 1926. 

Minutes .»riJ ProccedinRS of the TroKolipiJcr Investigntion Committee, Part IV. Iiluad 
October, 1926. 



THE TEA ‘MOSQUITO” 

The so-called Tea “Mosquito,” Helopellls sp., is probably 
the most destructive insect pest of tea in India. It also occurs 
as a tea pest in Ceylon and the East Indies. In some local- 
ities, its depradations have been so serious as to occasion the 
suggestion of abandoning tea for another crop. 

The I'ea “Mos(]uito” is not in reality a mosquito, but a 
bug belonging to the Miridae (Capsidae), a family contain- 
ing such well-known pernicious insect pests as the (darden 
Flea Hopper, Hdlliciis r//r/ Ashm.; the Tarnished Plant Bug, 
Ly^jns prnliUisIs F.; the Apple Red Bug, Lyyidca mcudax 
Rent.; the Cotton h'lea Hopper, Psalhis scrialus Rent.; and 
others. 

Previous methods of control, such as spraying and em- 
ploying native labor in collecting U eloptdfis, have not been 
efil'ective. ITuning the tea bushes at the start of the infesta- 
tion period and clearing up the types of vegetation which act 
as alternate hosts around the plantation have been helpful. 
The latter will, no doubt, have to be practiced in conjunction 
with the dusting, in order to insure against re-infestation of 
dusted areas. 

We are reprinting the following article from the Planters 
Chronicle, Volume XXI, No. 32, August 7th, 1926, pages 527 
to 531. In this paper are reported certain preliminary tests 
with Cyanogas Calcium Cyanide for the control of this insect 
in India. 



Fig. 9-6. — Dusting Tea with Cyanogas in Ceylon. 
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PRELIMlNy\RY REPORT 

ON THE 

APPLICATION OF CALCIUM CYANIDE DUST 

TO THE 

CONTROU OF MELOPEL I IS IN TEA 


W. M. BRIITAIN, Ph D., M. Sc. (in Agriculture), 
ENTOMOLOGIST; ond W. S. SHAW. Ph. D. M ^?A.I C 
TEA SCIENIIFIC OFFICER, U.P.A.S.I. * 


InTKODI’CTION 

The experiments described in this report are of a strictly preliminary 
character, and were conducted <>n a very small scale. The results are 
presented hcrewitli not only on acc^aint of the ^reat si^nitieance of the 
problein involycil t(. the tea planters .,f Southi India and the necessity for 
the control of a viest lesi-xaisible toi' so irnich dama^>e, but also because of 
the lyasmisin;^ nature ot the results themsedves, and because it rei)iesents 
the first alteniijt to control Ilelopeltis by this method. 


a 1 ANUi AC i r K )«', C HE?.ii,sr]>:\', and Rioactions or' Caixti.wi Cvanidl: 

111 order to comprehend lully llie nature of the results obtained it is 
essential to have some conception of the material employed in the exixri- 
menls, especially with re-ard to the characteristic properties which inahe 
its use iiossiblc in tea culture. 

Ih-ielly, it may be st.itcd tliat Calcium Cyanide is prepared by a scries 
of processes commeneini> with Liiiiestone, Coke and ^Mtroo■en derived from 
the atmosphere. From the two former materials Calcium Carbide is 
prepared ; which, alter bcin;4 raised to a white heat, is caused to absorb 
the Nitrog^en, liberated from litjuid air by bciilin^. 'I'he resulting;' substrince 
formed is the wclbkiiown IcTtiiiscr Calcium Cyanamidc. 'i'his Calcinin 
Cyanamide is then fused with a Sodium Chloi'ide in an electric fiii'iiacc, l.w 
which process the Cyanamidc takes ti}) one moie atom of Carbon and is 
thus converted into Calcium Cyanide, a siilistance with profoundly different 
chemical characteristics from C\'a!iamide. 

When Calcium C.yanide is acted ii].)on by the water vapour ]M'Csent in 
the atiuiisphcre, f^aseriLis Ilyiliuiyriiiic acid (Prussic acid) is produced, the 
reaction involved in the lu odiict ion this acid bein^^ c.xplained by the 
following; equation 

CatCN)., + CatOH a } 2 IICN. 

1 he rapidity with which this hydrolysis takes place is dependent mainly on 
three factors : 

1. The thinness of the layer of Cyanide. 

2. The size of the particle. 

3. The relative humidity. 

The result is that a number ot g;rades of the cyanide material are in 
existence, the commonest form appearing; in the market being; that termed 
commercially as ‘ Cyanogas “ A ” Dust.’ This ‘ A ’ Dust is a very fine, 
slate-coloured powder, of which 80 per cent will pass through a 200 mesh 
sieve. Using this grade, it has been determined that, when the material is 
spread out in a thin layer such as is formed when it is projected from an 
appropriate dusting machine, 90 to 98 per cent of the poisonous hydro- 
cyan ic acid gas is evolved within the first two hours, provided that the 
relative humidity is 35 per cent or more. If the relative humidity is 
below 30 per cent the evolution of the gas is considerably retarded, I 
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may be added that localities with such a low humidity as 30 per cent are 
more the exception than the rule in tea growing distiicts. The maximum 
concentration of the gas is attained after a period of about forty minutes, 
but there is very little increase after the first five minutes exposure to the 
suitable moisture requirement. Further, it has been determined that the 
reaction tabes place practically independently of the temperature. Coarser 
grades than the ‘ A ’ Dust are produced for certain special i)ui i)oses, luit 
where these are used, or where the thickness of any one oi these grades is 
increased, the evolution of the gas is correspondingly slower. 

Advantages claimed for Calcium Cvamue 

It is claimed for Calcium Cyanide, that it has the highest range of 
adaptability of any other known insecticide. Arsenical or other food 
poisons may be effective for insects that eat solid food, while oil emulsions 
and other contact poisons may destroy insects of the suckling variety that 
sting the plant and feed upon the liquid sap of the latter. It has been 
shown by Andrews that the Helopeltis insect has the peculiar i)ower of 
dealing with contact poisons, by systematically washing itself free from the 
insecticidal liquid. It was therefore concluded that spraying was of little 
avail against the pest ; however, owing to the patent powers of Calcium 
cyanide as an insecticide, without the necessity of contact with the insect, 
it was felt that it might prove of some avail in assisting, if not completely 
eradicating, the pest. In support of this, it may be added that Calcium 
Cyanide is mainly utilized as a controlling agent for insects of the sucking 
type, to which type Helopeltis belongs and some examples of its application 
to such insects which might be'cited are, the elimination of plant lice, plant 
bugs, thrips, psyllas, fleas, etc. It may also be employed satisfactorily 
against certain species of leaf beetles and other insects of the biting type. 
These instances given by no means exhaust the application of Calcium 
Cyanide as a control against pests, but a discussion of all the uses of the 
material is outside -the scope of the present article. 

A further advantage of the material is the case with which it may be 
transported from place to place : but possibly the greatest advantage, and 
one which will appeal to the South Indian i)lanter, is due to the fact that no 
water is required for the application of the dust. It is a well-known fact 
that one of the greatest difficulties experienced by planters in their attempt 
to control insect or blight attacks by means of sprays is due to the 
inadequacy of their water supply. In the case of Calcium Cyanide no 
preliminary preparation of the material is required, no. water has to be 
carried to the place of operations, the material can be applied with com- 
parative ea.se and rapidity, the effectiveness of an operator e(iuipped with 
a duster is approximately five limes as great as one using a sprayer and 
finally the equipment employed is simpler, lighter, and less expensive. 

A possible argument against its use in Tea may be based on the fact 
that Calcium Cyanide is a deadly poison. Though it must be said, before 
proceeding, that further work must be done with regard to any residual 
poisonous effects of the material, still there is sufficient theoretical and 
practical evidence to indicate that there is no poisonous deposit left on the 
leaves after a short period of time. As has already been explained in a 
previous paragraph, all the poison has been evolved in the form of a gas 
leaving behind harmless Calcium Hydroxide (Hydrated Lime). To illustrate 
the fact of the complete loss of poisonous residue, the leaves of a tea bush 
treated the previous day have been repeatedly eaten without any harmful 
results, While it is not pleasant to have the material blowing directly into 
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one’s face, this unpleasantness can be largely avoided by proper manipula- 
tion ; and in the many experiments which have been conducted with tin's 
material in other spheres besides tea, no coolie has ever siiffered injury. 
Thus no fatal accident has ever been reported from any country where the 
material is used on a very large scale. 

With reference to the i^oisonous effects of Calcium Cyanide on 
mammals, it has been stated in the of Ilygitfic (Vol XXI, No. 

May 1923) tlnit ‘ it requires a coiicentration of tS parts of Hydrocyanic 
gas in 100, (X)O parts of air to kill a dog in half an hour ; cats die from tweh c 
liarts and goats and monkeys trom twenty-li\e, and it may be assumed 
thal a man will reejuire as miicli as a goat or a moidcey.’ A man becomes 
unconscious only when exposed to a high caencentration, and if the concen- 
tration that caused unconsciousness is nut increaseii, a comparatively long 
latent period intervenes bcfoie death. A person who becomes unconsciuus 
owing to ex])osurc to modeiate eoncenUations of 1I> droceanic gas recoeers 
rapidly wlicn jdaced in the oiicn air. 

If, therefore, 100 pounds of the straight product were used per acre 
this would yield twenty-six p/oimds of Hydrocyanic acid gas, and assuming 
that the whole acre were roofed over to a height of six feet and further that 
all the gas were given off at once, this would give a concentration within 
the enclosed area of 132 iiarts of hydrocyanic acid gas per .100,000 parts 
of air, or (M paits, if the 50 per cent dust is used. However, not 
more than a third of the concentration is attained at any one time, e\ en in 
tents, so that even in encloscdi spaces the most that could be attained 
would be 22. In the open air it is clear that even this concentration of 
22 could not ])Ossibly be obtained under the conditions specified of 
100 pounds of material to the acre, and hence it is almost a practical im- 
possibility to obtain anything aiiproaching a fatal dose while opeiating in 
the open air. Practical proof of this is afforded by the fact that one of us has 
been using the material const:intly for a year and has often been enveloped 
in clouds of the dust, without any disagreealile consequences being experi- 
enced. vShort of having the material administererl in food, there appears to 
be no possiltility of harmful results accruing from the use of the material in 
the open air, but it is advisable to understand the simple prccainions given 
on the containers thoroughly, and to follow ilie.se as closely as possible 
throughout the operations. It is furtlier stated that constant dusting by one 
coolie may result in a slight headache, and it is therefore recommended that 
a coolie should do one half a day’s dusting and then be relieved by another 
coolie. 

PXXPEHIMENTS WITH HeLOPELTIS 

The estate on which the following experiments were conducted is 
situated about four miles from Vandiperiyar, in Travancore. The bushes 
were in their second year from priming and though in quite good condi- 
tion, plucking had had to be j^ostponed for a number of weeks owing to 
the ravages of Ilclopcltis. 

The first test performed was made on a clump of Helopeltis insects 
which had been caught by children previously. This clump consisted main- 
ly of adult insects, but also contained a number of ‘ nymphs ’ or larvae. On 
to this clump a small whiff of the material was blown, and within a second 
mo.st of the insects were killed. Even those insects which were in the 
middle of the clump, and had thus escaped contact with the dust, had also 
been killed. From this test it was clear that the material was extremely 
toxic to the insects and the way was clear for field experiments. 
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The tests in the field were made at between three and four in the 
afternoon and between eight and nine in the morning. In both instances 
there was a fresh to heavy breeze blowing throughout the progress of the 
work : and further, in both cases rain fell both previous to and during the 
operations. Usually conditions of rain and heavy wind are not conducive to 
the best results in any dusting operation, -but as will be seen later these 
factors did not diminish the degree of effectiveness to any appreciable 
extent. 

The exact infestation per bush could not be accurately determined, 
even though extreme care was taken in the examination of the bushes for 
insects It would appear, however, that the infestation was at least equiva- 
lent to five insects per bush. These five insects were usually found in the 
proportion of three adults to two larvic. In order to increase the number 
of insects per bush for purposes of experiment, four more insects, which had 
been previously collected by children, were added to each bush. 

In the first day’s tests, both the ‘ A ’ dust and the ‘ Dusting mixture ’ 
were used, the latter dust consisting of ‘A’ dust, diluted with an equal 
quantity of superfine Sulphur, and which is especially efficacious against Red 
Spider. Owing to the prevailing heavy wind it was found necessary to 
make use of a ‘ Cloth trailer under which the dust was projected. As no 
canvas was available a piece of ordinary factory cloth (cotton) 6fcet wide 
and 20 feet long was used. This was attached in front to a light 
bamboo pole. A man stood in front and manipulated the sheet so as to 
permit of the least loss of the dust, while behind him stood the man with the 
dusting machine, who pumped the dust under the sheet in such a way as to 
secure the best possible distribution of the dust, and it was found advisable 
to have a further coolie assisting in the manipulation of the sheet behind. 
Rather a heavy application was given as it was felt that it would be easy to 
reduced the amount used in later experiments, provided the initial experi- 
ments were successful. 

At the outset the difficulty presented itself of finding a simple, speedy, 
and accurate method of checking the results. As the greater part of the 
dead insects fall from the leaves either on to the ground or into the middle 
of the bush, where they cannot be found ; it was decided to base our results 
on the number of living insects found on a number of treated bushes as 
compared to the number of insects found on the same number of untreated 
bushes. Children employed on the estate for catching Helopcltis, and 
hence thoroughly experienced in finding the insects, were used in the 
experiments. As a matter of interest it was decided to test the ability of 
these children in finding the insects on the bushes. Forty-eight bushes were 
therefore selected, four insects were added to them, so that there were at 
least 192 insects over the area under consideration. To this number 
must be added the number already present in the bushes. The children 
were then sent into the 48 bushes and instructed to collect as many 
insects as possible. The result of the first finding was only 74 insects ; 
they were then required to repeat the find and returned after a second 
and third attempt with an extra 26 and 19 insects respectively per 
attempt. This gave a total number of insects found as 191 or 62 per 
cent of the number of insects actually added to the bushes. 

In the following table, giving the details of the results secured, only 
the living insects found are recorded, for it will be understood that it was 
only possible to find a very small percentage of the numbers killed, for 
reasons already given. The table is as follows : — 
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Discussion of Results 


Though the methods employed in checking these results were of 
necessity rather crude, the evidence of large numbers of live Ilelopeltis 
individuals on the controls, as compared with the practical freedom of the 
treated bushes from them, indicates definitely that the material has a 
particularly high toxicity towards the particular insect under discussion. It 
would appear that the ‘ S ' Dust is rather less effective in killing the insect, 
but it must be borne in mind that this ‘ S ’ Dust has only half the poisonous 
composition of the ‘ A ’ Dust, and in the experiments carried out less of the 
‘ S ’ Dust was used per acre. 

Conclusions 

In these preliminary tests one important point has been demonstrated 
in a very clear manner, viz., the extreme toxicity of Calcium Cyanide to 
Helopeltis. Without undue optimism we can regard this fact as distinctly 
promising. Howev(‘r, when one remembers the successive failures which 
have accompanied any attempts to control Helopeltis, it is advisable to 
hestitate before making definite recommendations based on incomplete 
evidence. Thus, before advocating the use of Calcium Cyanide for the 
control of Helopeltis on tea estates under practical conditions, other 
important points must be subjected to rigid scientific and practical study. 
The following arc some of the most important : 

1. The whole economics of the situation, including a standard method for accurately 
expre.ssing the degree of infestation, the determination of the actual reduction in yield 
of leaf following upon the different degrees of infestation ; and (provided control experi- 
ments are successful) the minimum degree of infestation that will justify the adoption of 
such control measures. 

2. The minimum dosage reijnired per acre. 

3. The minimum number of applications renjuired and the intervals between sneh 
applications. This point is important, as it must deal with the insects hatched after the 
previous application of the in.secticide. 

4. The effect of dusting with and without a trailer ; the best type of trailer to use 
and the most advantageous method of manipulation. 

5. The dilution of the dust which will give the best results, i.e., whether it would 
be better to use a certain (juantity of undiluted material or whether better results would 
be obtained by the use of a smaller quantity diluted to some appropriate extent with 
some convenient Miller.’ 

6. The effect of other food plants and habitats of Helopeltis on an infestation. 

7. The burning effect of the free hydrated lime remaining after the liberation of the 
hydrocyanic gas! This effect was noted during the experiments already described, and 
found to be nil ; but this observation can hardly be claimed as conclusive owing to the 
fact that as periods of heavy rain were experienced after the application, it is more than 
possible that the hydrated lime was slaked at too rapid a rate to have any caustic effect, 
and it is further possible that a large percentage of the lime was washed away by the 
heavy rains. 

it will be clear from the foregoing points that much work has still to be done with 
reicrence to the use of Calcium Cyanide as a controlling factor for Helopeltis ; but it is 
hoped that all the points already mentioned, together with many others, will be made the 
subject matter of careful study at the earliest pos.sible opportunity. 


Issued XnvmiihcT 20, V ) 2 (). 
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DUSTING WITH CALCIUM CYANIDE FOR BANANA THRIPS 

CONTROL. 

By JOHN L. FROGG ATT, B.Sc. 

As a iTsult of earlier observations made on the lifi* history end 
control of the l)anana thrips ( Ana phoih rips sigiiipcunis liag'onil) dusliny^ 
with sulphur and' pyrethrum powder was recommended for its coidrol. 
b’urtlu'r stud\' oi the control aspect ol’ tlu^ pi'ohlem, howev(*r, led to 
preliminary trials with otlun* materials, included amonj^^st which was 
calcium cyanid('; tlncse t(\sts, indicated that with this latter chemical 
(iuick('r and more certain residts could he obtaiiu'd than was the case 
with oithei' of the two previously recommended. 

'1 h(‘ prelindnary trials with calcium cyaiiide w(‘r(' made in the 
(lympie ai'oa in April, 11)26, and in tin' Innisfail area in .May of the 
same year. The results wei’e so promising that fi(‘ld ti‘ials were laid 
down in tin* latter district towards the end of October, 11)26. 

HABITS OF THE THRIPS. 

Before dealing wifh tlu' details of the field trials, it may he advisable 
to give a brief l•('sume of the liahits of this inst'ct, as they hear dii'cctly 
on the sclu'ine of control work laid down. 

The eggs are deposited in the plant tissue, and the larvae on emerging 
form colonies with some of Hie adults; thesis colonies an* found both on 
the pseudostem under tin* Icaf-sheaths, and on the fruit in the bunches, 
especially in tin* base of theJiands. Tin* larvae when full fed travel down 
into the soil where they^pass through the pujial (or chrysalis) stage; the 
adults, after emerging, crawl hack on to the plant to carry on (Jie ni'xt 
gem'ration. 

LETHAL ACTION OF CALCIUM CYANIDE. 

On exposure to air, calcium cyanidi* gives pff hydrocyanic or prussic 
acid gas which acts extjn'inely rapidly and is very deadly to tin* thrips. 
The preliminary trials showed that a liglit cloud of the dust on an 
exfiosed colony of thrips will desti'oy (‘V(‘ry individual comprised in it 
within five to ten seconds, and if the dust lx* lilown lightly upwards under 
the opening liracts on a young hunch, four to five si'conds will suffice to 
kill every thrip present under the bract, or in a young hand of fruit. 

FIELD TRIALS TO DETERMINE THE PRACTICABILITY OF 
DUSTING ON A PLANTATION SCALE. 

Two trial plots were laid down in different parts of the Innisfail 
district ; the arrangement being the same in each case. In the first plot the 
stools were over two years old and were carrying a considerable amount of 
fruit; in the second plot, the stools had, for the most part, not thrown 
their first bunches. 
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Each plot was divided into three sections of fifty stools arranged in 
five rows of ten stools, with two rows of ten stools between tlie sections to 
act as check rows. 

In plot 1 the area had not been chipped for some time, although 
spraying the weeds with arsenic solution had been done. In plot 2 the 
area had been recently chipped, and was again chipped on 26tli October. 
The differences in cultivation accounted, in part at least, for certain 
difYerences in results obtained in the two plots. 

Climatic conditions over the period of the trials were hot and di y 
until 16th Nov(md)er, when muggy, showery conditions prevailed until 
the 28rd November. 

The dusts used in the j)reliminary trials were eah'ium ('yanide “A” 
and ‘MC’ dusts, the latter containing suljdiur, but as the “|B’^ dust 
showed no advantage ov(‘r the dust in these early small scale trials, 
it was not included in the field trials in Octobei’. The stems and bunches 
were dusted with calcium cyanide, but, in order to determine the action, 
if any, of soil ti’catment on the soil-fre(iuenting stage, the trials were 
(‘xtended to include soil fumigation; calcium (wanide flakes and para- 
dichJorobenzene were tested for that purpose. 

When tlu' tilals were instituted in October thrips were fairly 
iiunKU'ous and showed a marked increase in numbers in the first fortnight 
of Novembei*. 

On plot 1 tr<;alments were givmi on tlie 21st and 29th October and 
on the (Stli Nov(md)er, and the final examination was inade on the 
17th Novembei*. On plot 2 tieatimmts were given on the 26th October 
and on 2nd and 12tli Nov(miber, and the final examination was made on 
19th Novernher, 

DETAILS OF TREATMENT. 

\n all s('(dions of the two plots, the stems and bunches were dusted 
with th(‘ ‘"A” dust, one pound doing about two hundred and fifty stools: 
in addition to the dusting of stems and bumdies, soil treatments were 
a])plied in two sections, as follows: — 

In section 1 of ea(‘h ])lot, half an ounce of calcium cyanide flakes was 
buric^d in the soil at a depth of 3 to V in., and about 6 in. out from the base 
of the plant. In section 2 no soil treatment was used. In section 3, half 
an ounce of paradichlorobenzene was buried in the soil at a depth of 
3 to 4 in. and about 6 in. out from the base of the plant. 

The, soil treatment was carried out by digging two or more holes 
to the re(piired depth round the plant, and distributing the dose between 
tlnmi; the holes were then filh d in, and the soil pressed down with the 
foot. 

Dusting was carried out with a hand bidb-blower, the rubber bulb 
being about 4J in. in maximum diameter, and the neck being fitted with 
a rubber stopper through which projected a length of copper tubing 
about 6 in. long and yV diameter. In operation the neck of the 

bulb is held in one hand to obtain direction of the blast, while the bulb 
iPiTTiABSipd witlii I-HtiiP! Atlhior this wffl.v M. st.ifp.dv stream 
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of dust can bo maintained, and directed as desired. When dustiii" the 
stem each lower leaf-slieatli was drawn sliglitly away so as to permit of 
the dust being blown well down towards tlie base, and tbmi hJ return to 
its original position. 

Only a dust-cloud should 1 h' blown onto the jdants and fruit; if 
proper care is not exercised and a coating of powder is left on tin* fruit, 
scalding will ixMilt du(‘ to tin' (pu('kliiii(‘ ])rodii('e(l by the chemical 
decomposition of the ealeium eyanidi' as <'xpr(‘ssr(l in tin' following 
formula : — 

('ah'iniii eyaiiide water yi<‘hls ((irn'klinu' -j- “prussic’’ acid 
Ca{CN)o 1 - ][/)-Oa() ; 211('N. 

Tlu' results obtaiiu'd in both plots were v(’ry similar but weri' rather 
inoi’e sti'ikittg in plot 2 (lian in ])lot 1. The Hnal examination of both 
]ti(»ts slnuvcd That in stM/tion 1 only an odd small colony was not(‘(l and 
tin' Tiumot'r of thrips [)res('nl was very low. In section 2 only an odd 
small colony was obs(‘rv('d, all hough the number ofNthrii>s pi’csent was 
sonn'what higher than was met with inst'ctions 1 ainl d. 1 n scrl ions d only 
an odd small ('olony w;ts prcs<'id and tin' number of thrips, although 
slightly higln'r than in si'ction 1, was eom[)a,i-ativeiy low. In no ease* in 
any of tin' treated sections wt'ii' thrips g('ner;dly niiimM'oiis. In tin' 
iintr‘('ated eherk rows, ('olonit's, often large, wej'e found on |)raetieally 
every s| 0 (»l and bunch, and the nuiidx'r of thrips ina'seni was high. 

It was e\idenl tlial thoroiigii and .syslematie dusting of tin' stems 
and bunches, even without soil treatnient. greatly rediieed the tlirips 
population. The dt'tails of th(' results of tin' ('.xaminat ions of the held 
plots will b(' found in tin* two tabh's ae('Onipan\'ing these notes. 


COST OF TREATMENT. 

Cah'ium c\’anidn “ A " dust and calcium cyanide flakes are sold at tlie 
])resent time in lirisbane i]i tins at tlu' rate of tSs. for d lb. As 1 lb. of 
dust should do at h'ast 2o(> stools, tin' cost is approximately '.).td. p(‘r 
100 stools per treatnn'iit. The cah'iuin (watiich' Hakes, at tin' rate of half 
an ounce p('r stool, cost ds. p('r 100 stools p.'r treatnn'iit, and paradiehloro- 
benzt'iie at the rate of half an ounce }>er stool works out at ds. 8d. per 
.100 stools per treatment. 

For dusting sti'ins and buindn'S oin' ot>erator should do dO stools ])er 
hour or sliglitly ovi'r an acre per day in plantations wln*re the stools have 
l>een ])lanted 12 ft. by 12 ft. apait. With a eondjined dusting and soil 
treatment a liltl:^ h’.ss than (Mk' acre |>(*r day ])er man should lu' eompleti'd 
under the above conditions. 


CAUTION TO BE OBSERVED IN DUSTING. 

It must always Ix'. boi ne in mind that eah'iuin eyanid<' is poisonous, 
andhnust, therefore, not be liandled ('arelessly. Care should be taken, 
wlien dusting, to so ari-ange the' work fliat the operator is moving lip into 
the wind as much as possible, so that the dust is being blown away from 



70 


Queensland AGRICULTURAL JOURNAL. [1 Jan., 1927 

him. The hydrocyanie acid is liberated at a comj)arativ(‘ly slow rate, 
and thus allows a maroin of safety. The principal dano^er lies in the 
inhalation of the dust in breathing, but this may be readily avoided by 
the exercise of a little forethought. 

FIELD APPLICATION OF THE TREATMENT. 

As a result of these trials and from other observations made, it 
would appear that treatments should be made at intervals of not more 
than three weeks apart for the effective control of the banana thrips. 

Treatment should be commenced as soon as the flower-bracts lift otf 
the hands on the young bunch, or even a little before the bunch is 
thrown. 

The most effV'ctive control is obtained by dusting the bunclns and 
^ Osteins under the leaf-sheaths with calcium cyanide “A” dust combined 
with burying half an ounce of calcium cyanide flakes in the soil at a 
depth of 3 to 4 in., and at a distance of about 6 in. from the base of the 
plant, the dosag«‘ of flake cyanide being divided into two or three parts. 

Even without soil treatment, dusting of the “stems” and bunches 
will give a v(‘ry marked measure of control. 

ACKNOWLEDGMENTS. 

In conclusion, acknowh'dgment must be made of the great assistance 
rec('iv(‘d from those glowers who so readily co-operated in every way 
possible in (‘arrying oiU the field trials. 

Key to Tables. 

In the tables showing the results of the field trials with calcium 
cyanide dust for banana thrips control, the following symbols have been 
used 

S. For stem. 

B. For bunch. 

1. For odd adults but no colonies. 

2. For thrips numerous. 

3. For small colonies. 

4; For large colonies. 

X. For stool missing. 

s. For thrips scarce. 

vs. For thrips very scarce. 

S. 3.1. Signifies small colonies composed of a few individuals. 

S. 3.2. Signifies small colonies composed of a number of 
individuals. 

Tlie above symbols apply to both plots. 

In plot 1, if there is more than one numeral after B, each refers to a 
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Section 7 

Poison Barrier— migratory Pests 
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Poison Barrikr Mi(]RAToin l^i:srs 

Inasmuch as Cyanogas Calcium Cyanide is a chemical 
which gives off a poisonous gas during a considerable period 
of time, it was only natural to assume that this material could 
he used as a poisonous harrier to prevent the migration of an 
insect pest. One of the most striking examples of such a 
migratory pest is the chinch bug, lilissits Iciiroplcriis. 



1ml;. 1 7. ( liincli hVcdiiii; on Corn Stalk in Missouri. 

THE CHINCH BUG 

'riie chinch bug hibernates as an adult, Hying to tbe 
Helds of small grain in early spring, where the eggs are laid 
and the young are hatched. When the young are but partly 
grown, tbe grain hardens and is cut, causing the insects to 
migrate on foot in search of succulent food. This is usually 
the neighb(jring cornfield. (Fig. 1-7). 
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earlier recommendations on chinch bug control have failed to properly 
control the pest in some localities in recent years is unquestioned. 
Kow much of this has been due to lack of cooperation on the part of 
the farmer, we shall not attempt to estimate. However, it is true that 
for the past several years this pest has continued to extract its annual 
toll in the com belt. Our failure to hold the pest is either due to 
ineffective remedies or inability to get the farmers interested in applying 
them thoroly. In either case it seems wise that we attempt to find 
some new and more effective line of attacks. The psychology of some- 
thing new against the chinch bug is not to be overlooked, when dealing 
with chinch bug afflicted farmers. This is especially true if the new 
recommendation proves both effective and practical. 

With these general observations we shall proceed to briefly describe 
the use of calcium cyanide for the control of chinch bugs in Missouri. 
Much remains to be found out about this new chemical as an insecticide 
but we have gone far enough to feel sure that it will play an important 
part in future chinch bug campaigns. 

Calcium Cyanide 

Calcium cyanide unlike potassium and sodium cyanide is a com- 
paratively new chemical. It has been used successfully for a few years 
as a fumigant in the tunnels of rodents. George E. Sanders was the 
first to take special note of this chemical as an insecticide and he interested 
others in testing it. Flint made some preliminary tests with the material 
on chinch bugs in the fall of 1922. During the summer of 1923 the 
material was used on chinch bugs in Indiana, Illinois, Missouri, Kansas 
and Oklahoma in an experimental way and also quite extensively in 
practical field control in Mi.ssouri. 

Calcium cyanide reacts with atmospheric water vapor, giving off 
hydrocyanic acid gas that makes this new chemical valuable as a bar- 
rier to the migrating chinch bugs 

Tests on Rate of Emission of Gas 

At the outset laboratory and field tests were made to determine the 
rate and duration of the emission of gas The influence of 
moisture, temperature and wind were studied In these preliminary 
experiments only adult bugs were available for use at Columbia, Mis- 
souri. In order to make field tests using the immature bugs, the junior 
author was sent to Oklahoma for several days work. The purpose of 
these tests was to arrive at some definite conclusions regarding dosage 
and method of laying down the chemical as a barrier before wheat 
harvest and chinch bug migration began. 
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Tests were made with the material dusted or sown broadcast in 
wheat, scattered alonj^ narrow strips, as a line on the surface of the 
j^^round, in furrows of different types and covered with dry dust. The 
powder, ^^ranules and flakes were all used. 

Broadc asting in Wheat 

vSome of our first work dealt with the use of the material sown broad- 
cast in the wheat Varyinj^ doses of the j^ranulcs and powder up to 
60 pounds to the acre were used. Repeated tests with this later dosaj:j(‘ 
of granules, even with a five to ten mile breeze gave an almost complete 
kill not only of the chinch Inigsbut also ground beetles, Colorado potato 
beetles, grasshopjx'rs, wasjis, bees, lady beetles, plant liec and other 
insects which became enveloped with the gas. The heavier doses also 
caused some leaf burning. 'Fhe use of the material for broadcasting 
in wheat fields Avas abandoned as impractical, the acreage, dosage and 
difficulty of ap|jlieation firohibited its use. 

CaLCIOM ('yANII)E as a IfARRIEK 

From the beginning the use of the material as a barrier seemed the 
most logical In the preliminary tests it was used in a narrow strip 
two or three feet wide, in a narrow line on the surface of the ground and 
in a ditch. Dosages were used varying from one half ixnind to four 
pounds to each 60 feet. The heavier dosages maintained a killing 
barrier much longer than the lighter ones. It was soon found that for a 
line barrier the coarser Hakes gave off gas more slowly and therefore 
lasted longer than either the granules or the ])owder. Later barrier 
work, therefore, dealt mostly with the flakes and our hnal conclusions 
on dosage refer to flakes rather than granules or the powder. 

Narrow Strip Barrier with Trap Crop 

The use of the material in a narrow stri[) Wcis not given a thoro test 
due to the fact that tra[) croiis had not been planted for the puqxjse. 
Several opportunities for testing the material in strips of sorghum were 
offered and gave satisfactory results with as small an amount as 30 
pdunda to the acre. After making a few tests with varying dosages it 
was abandoned for the line barrier. However, with tra]) crops of cane 
or Sudan grass planted about a month before harvest, we believe from 
our observations that it will prove practical. 

Line Barriers 

Our line barriers were made first, on the surface of the ground, 
second in trenches of varying depths and forms and third, tho only in a. 
few tests, covered slightly with dry dust. It is desirable to keep a 
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death line of as lon^ as possible and with the least effort and use of 
material. Hydrocyanic acid p^as is of about the same weight as air 
and when there is no breeze to scatter it, it will hover over the line of 
flakes whether on the surface of the ground or in a furrow. However, 
at wheat harvest there is usually a great deal of wind so it is necessar\' 
that this be taken into account and guarded against as well as possible. 

Line Harriers Applied on wSurface of Ground 

In our preliminaiA^ tests with the surface barriers we used from one 
half pound to four pounds of granular cyanide to sixty linear feet of 
barrier The smaller dosage applied when there was a six-mile wind, 
killed adults bugs which attempted to cross, for only one hour. The 
heaviest dosage, applied under the same conditions, remained effective 
for from three to five hours and killed some bugs five feet from the line 
due to drifting of gas. These also burned the lower blades of wheat. 
A dosage of one pound to sixty linear feet of barrier on the surface of 
the ground remained effective for only about two hours on the average. 
The drifting of the gas from a surface barrier is too great for most 
effective results. 

Line Barriers Ap'plikd in Furrows 

Furrows may be made of various shapes and forms and our results 
show that a narrow, deep furrow gives far better results than do those 
of other types. 

In our first tests we used a hoe and a hand plow to make a shallow 
ditch from one to three inches deep. This showed a decided improve- 
ment over the line on the surface of the ground due mostly to the fact 
that it retarded the progress of the bugs and kept them longer in the 
gas area. A very shallow ditch does ’not help materially in checking 
the drifting of the gas, but it will keep the bugs busy longer climbing 
out of the gas area. 

A deepTurrow made with a plow and rounded out with a post, was 
then used This provides a definite container for the gas and where 
there is no breeze it should be expected to work well. However, in 
our tests it was found that a broad rounded-out furrow of this type 
allowed the gas to spread out in the furrow, and it permitted the wind 
to blow it out readily. The broad furrow in our tests gave no, better 
results than a narrow shallow fuiTow made by hand. However, it does 
jirovide for the possibility of combining a mechanical barrier with the 
gas barrier 

To chinch bug workers it is a well known fact, that normally at 
harvest the bugs move mostly during a few hours of the day and only 
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light scattering movement occurs during the rest of the day. When 
the gas and mechanical barriers arc combined the log, as in the ditch- 
log barrier, can be kept moving thruout the morning when but few 
bugs are moving, and then the gas barrier laid down in the afternoon 
when heavy movement starts. 

However, Missouri fanners prefer either to fight all the time with 
the ditch-log or to use the gas alone. Only a few reported using the 
combined barriers. 

In our tests the broad, rounded fuiTow with one pound of calcium 
cyanide to sixty feet remained eflcctive for only two or three hours 
and did not prove entirely eflcctive thruout the afternoon migration. 

The type of furrow used most in Missouri was a plowed furrow with, 
the dirt thrown toward the wheat stubble and the side next to the 
com as nearly as possible a vertical wall. This is the type of furrow 
most farmers make and we have found it to be the most efTective. 
This is probably due to the fact that it provides the best protection 
against the drifting of the gas and the concentrating of gas at the foot 
of the vertical wall. The vertical wall is also an effective barrier up 
which the bugs, already weakened by the gas, are unable to climb. 
In such a furrow one pound of calcium, cyanide flakes to each sixty feet 
applied in the early afternoon proved effective in preventing bugs cross- 
ing for the rest of the day. This is the dosage and type of furrow and 
method of application which gave us best results this summer. Like- 
wise, this Ts the type of barrier used by most of the farmers in the state. 
Our tests were made in different counties in the northern part of the 
state thmout the migration period. The migration was later than 
normal and more drawn out than usual which made the use of any 
type of barrier more difficult than under normal conditions. We 
believe, therefore, that in a nonnal season with a heavy active migration 
of bugs, the gas barrier would have worked more rapidly, cleaned up 
the bugs in fewer days and thus proven more effective and cheaper. 
Still our results last summer were highly satisfactory and the farmers 
using the material were i)leiised with their results as the following sum- 
mary of their reports will show. 

Sixty-five questionnaires were sent out to Missouri farmers, who 
used calcium cyanide for chinch bug control, and thirty -three replied. 
Of these, twenty used the material in a furrow and all reported success 
even tho four used less than one i)ound to sixty feet of barrier a day. 
Thirteen used other methods and all but one (ff these reported satisfac- 
tory rCvSiilts. Of those following directions only one considered the 
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material too expensive. This is further attested to by the fact that 
the Missouri Farmers Association, an independent organization of some 
70,000 Missouri farmers have just recently contracted for a minimiun 
of twenty tons for their 1024 chinch bug campaign. 

SUMAIARY 

( 1 ) Calcium cyanide flakes used in a properly prepared furrow at the 
rate of cme pound to sixty linear feet once a day proved an effective 
chinch bug barrier in Missouri. The material in such a barrier cost 
about four dollars a day for a fourth of a mile of barrier. 

(2) For best results it should be applied in the early afternoon or 
when the daily migration begins. 

(3) A narrow, deep furrow with a vertical wall next to the crop to 
be protected proved to be the best type of furrow in which to apply the 
calcium cyanide hakes. 

(4) Other ty])e of furrows or methods of applying the chemical did 
not prove so effective. 

(5) Temperature, moisture and wind are factors influencing the 
success of such a barrier 




Fi^-. 3-7. — Aj)plyiiij4 Cyaiio.i^iis Chinch \h\^ Flakes in Furrow to Form 
Ik'irrier. X'ote Ferpendicular Wall Next to Corn. 
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4-7 of Chiiidi I’u^ Makes 1. sed vvitli ( reosott* Harrier. 

Note Dead C hinch Ihi^s on h'ach .Side ol ( alciuni (. yanid(' W io.L^. 


The results obtained by Professor VV. P. Flint of the 
University of Illinois were published as Bulletin 249, Illinois 
Agricultural E.xperiment Station, May, 1924. I'urther ex- 
periments were conducted in Kansas in 1924, adapting 
Cyanogas Calcium Cyanide to the control of the chinch bug 
under the dry windv conditions encountered in that state. 
'Phe results obtained by Professor J. W. McColloch were 
published as Circular 112 of the Kansas State Agricultural 
College, June, 1925. The portion of this paper which deals 
with the use of Cyanogas Calcium Cyanide in conjunction 
with a creosote barrier follows the reproduction of Illinois 
Bulletin 249. 
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SUMMARY 

Calcium cyanide is a substance having the appearance of slate, 
which on exposure to moisture gives off hydrocyanic acid gas. In suffi- 
cient quantities, it is deadly to all forms of plant and animal life. 

The use of this chemical as a means of combating chinch-bugs was 
first tried in Illinois. Extensive tests were begun in 1922 and were 
continued thruout the .season of 1923. In 1923 similar tests were made 
in a number of other .states, particularly in Kansas, Missouri, and 
Indiana. While it is impo.ssible to make definite recommendations as 
to its use from the results of two years’ work in Illinois, it is believed 
that farmers will be warranted in trying out .some of the methods de- 
scribed herein. 

The best results from calcium cyanide have been obtained by using 
either the dust or the granules in combination with creosote or coal-tar 
barriers. Six-inch strips of the cyanide, requiring about one ounce 
to a strip, laid at right angles to the barrier every two rods, have 
under favorable conditions killed 75 to 95 percent of the bugs as they 
moved along the line of the barrier. This chemical was also very 
effective when dusted along the line of a coal-tar or creosote barrier. 

Pair to good results have been obtained by du.sting calcium cyanide 
in trap strips of crops sown between fields of small grain and corn. 
However, only one year’s data have been obtained with trap crops. 

Barriers of calcium cyanide alone were not so effective as the other 
methods and at the same time were more costly. 


Hydrocyanic acid gas given off by calcium cyanide, is very poisonous, 
and the directions for handling given on page 84 should be carefully noted. 
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CALCIUM CYANIDE FOR CHINCH-BUG 
CONTROL* 


By W. P. flint, Kntomologist, State Natural History Survey, and 
W. V. BALDUP, Assistant Professor of Entomology, 
University or Illinois 


Calcium cyanide was first used in 1922 as a means of combating 
chinch-bugs around the margins of infested fields of small grain. Ex- 
periments were ('ontinued thni the season of 1923, a large number 
of tests being made during the latter season. In the fii'st experiments 
this material was used alone as a barrier. The results showed it to be 
very effective, under some conditions killing every bug that came in 
contact with it, but its use in this way was so costly as to make it 
unpractical for general use on Illinois farms. Later experiments, 
however, showed that it could be used in combination with creosote 
and coal-tar barriers, thus greatly increasing their effectiveness with- 
out increasing the cost to a point where its use would be unpractical. 

While definite recommendalions of the best way to use calcium 
cyanide cannot be made from the results of two years’ work, the re- 
sults here presented will enable the Illinois farmer to judge for him- 
self the liest method of using this material on his farm. 

In the Illinois experiments, four methods of using this chemical 
were tested 

1. Laid in strips at right angles to a creosote or coal-tar barrier 

2. Dusted or scattered along a (creosote or other barrier at the 
time of day when the bugs are most numerous 

3. Dusted over strips of trap crops sown between infested small 
grain and corn 

4. Alone as a barrier around the margins of the infested field 

‘ Note. — Calcium cyanide is a cheap form of rather low-grade cyanide. It has 
about half the strength of the sodium cyanide generally used in hydrocyanic acid 
gas fumigation of fniit trees, greenhouses, and flour mills. When this chemical is 
exposed to air containing the usual amount of moisture, or is applied to damp soil, 
the poisonous hydrocyanic acid gas is liberated in sufficient quantities to kill in- 
sects or other animals exposed to it, for varying periods of time. 

** Some tests were also made to determine the effect of calcium cyanide dust 
when applied directly to corn. While it proved very effective in killing the chinch- 
bugs clustered on the plants, it cannot be used for chinch-bug control because it 
nearly always penetrates the curl of the leaves and causes the death of the plant 
or a severe burning. A 2-percent nicotine dust used in this way is just as effective 
as calcium cyanide dust in killing the bugs, is cheaper, and does not injure the com. 

73 
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Three forms of calcium cyanide were tried out: (1) flakes, which 
have the appearance of finely broken slate, the separate flakes being 
from one-fourth to one-half inch across and about one sixty-fourth 
inch thick; (2) granules, having the same form as flakes but being 
much finer, the larger particles being only about one-eighth inch 
across; (3) dust, the material ground to a fine powder. 


USED IN STRIPS AT RIGHT ANGLES TO A CREOSOTE 
OR COAL-TAR BARRIER 

In 1923 the method of control proving the most practical was the 
use of calcium cyanide strips laid at right angles to the creosote or 
coal-tar barrier. These strips are made by putting down one to one 
and one-half ounces of cyanide in each strip, laid from three to five 
inches wide and from six to eight inches long. These strips are made 
at right angles to the barrier, touching the creosote on the side next 
the stubble field. They should be spaced every two rods along the 
line. In the corners of the field, where the bugs usually gather in 
greatest number, it may be necessary to lay the strips closer together. 
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Fig. L— Diagram Showing the Method of Laying Cal- 
cium Cyanide Strips at Right Angles to a Creosote or 
Coal-Tar Barrier 

Care should be taken that the strips actually connect with 
the barrier. The slope toward the barrier should be gradual so 
that the cyanide will not roll down and away from the creosote 
or coal tar. 


Chinch-bugs attempting to leave the fields of small grain and en- 
countering barriers of creosote or coal tar are repelled by the odor of 
these substances. In the case of coal tar, they are held back by the 
stickiness of the material as well. Hence they turn and start along 
the stubble side of the barrier, seeking an opening thru which they 
can escape into fields of com or to other food plants. Half-grown 
young, or nymphs, travel along the barriers at the rate of five to six 
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feet a minute, and are almost sure to encounter a cyanide strip in five 
minutes or less after they get to the barrier. 

Tests of this method extended over a period of two months in 1922 
and a somewhat longer period in 1923, and were made under varying 
weather and soil conditions. Under some conditions pure dust was 
found to be the most effective form to use. When the soil is wet, the 
granules are better than the dust because they do not lose their 
strength so rapidly. The flakes also give better results than the dust 
when the ground is wet, but they are not very effective when the soil 
is dry or when the wind blows briskly. In general, granular calcium 
cyanide is the most practical form. 

Care should be taken that the strips actually connect with the 
creosote barrier. The slope toward the barrier should be sufficiently 
gradual so that the cyanide will not roll down and away from the 
creosote. 

A sprinkling can from which the sprinkling cap has been removed 
is a convenient vessel to use for pouring the cyanide. After a little 
practice one is able to quickly put down strips of approximately one 
ounce each at the intervals specified,. 

Strips Ark Effective for a Limited Time 

When the soil is dry and the wind strong, most bugs can cross the 
cyanide strips without being killed. Under more favorable conditions, 
however, the strips are effective up to five or more hours. Usually on 
warm bright days, the heavy movement of chinch-bugs starts between 
2:30 and 3:30 in tlie afternoon, the bugs gathering along the barrier 
in greatest numbers between 3 :30 and 5 :30. The most effective kill 
can therefore be made by laying the strips between 3:00 and 4:00 
o’clock in the afternoon. Except when the soil is dry and the wind 
high, strips laid at this time remain effective for the rest of the after- 
noon and may be counted on to kill 75 to 95 percent of all bugs reach- 
ing the barrier. 

If the amount of cyanide in the strips is doubled, and the flake or 
granular form is used, some bugs will be killed the following forenoon, 
if no rain has fallen during the night ; but the strips will not remain 
effective during the entire day. Since the bugs seldom migrate jn 
large numbers in the morning, the kill is not sufficiently increased to 
warrant the added expense of using these larger amounts of cyanide. 

Occasionally on cloudy days there is a considerable movement of 
chinch-bugs all day. In such weather the cyanide should be applied 
between 9:00 and 10:00 o’clock in the forenoon, and another applica- 
tion made in the afternoon if necessary. Because the creosote or coal- 
tar barrier holds the chinch-htigs in the field, it is very seldom neces- 
sary to make more than one application a day, even during cloudy 
weather. 
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Expense of Combined Barrier 

The total cost for a quarter of a mile of creosote or coal-tar barrier 
and cyanide strips along it is about $21 for the migration period. This 
is figuring cyanide at 20 cents a pound delivered at the local shipping 
point and the cost of creosote or coal tar at $5 to $7 for the season. 
This will not be thought too expensive to be practical if one remembers 
that he is not only stopping the bugs but is actually killing the ma- 
jority of them. Post holes are unnecessary where calcium cyanide 
cross-strips are used, for the cyanide kills more bugs than are usually 
caught in the post holes. The saving of the labor of digging the post 
holes helps pay the expense of the cyanide. 


USED ALONG A CREOSOTE OR COAL-TAR BARRIER 

The second method of using calcium cyanide in combination with a 
creosote or coal-tar barrier is to distribute small amounts along the 
barrier, on the side of the field of small grain, instead of in strips at 
right angles to the barrier. To be effective, the calcium cyanide should 
be laid down each day when the bugs are gathering in greatest num- 
bers. For this method, the cyanide dust has been found most practical. 

The expense of this treatment is somewhat higher than that of the 
right-angle strips, but on windy days, when the soil is very dry, it is 
more effective and more convenient than the strips. The cost of the 
calcium cyanide is from $1 to $1.50 a day for each quarter-mile of 
barrier. 

This method has the disadvantage of requiring a close watching of 
the barrier, for in order to get a maximum kill the dust must be ap- 
plied when the bugs are present along the barrier in greatest numbers. 
While this is usually about 4:30 in the afternoon, the time may vary a 
great deal with weather conditions. One application a day is neces- 
sary. This kills all the bugs massed against the barrier at the time 
and those coming into the dusted area for ten to thirty minutes there- 
after. The duration of the kill depends upon weather conditions. 

How TO Apply the Dust 

The calcium cyanide dust may be applied with a blower duster or a 
homemade shaker. The duster is of the type commonly used for dust- 
ing truck crops or small fields of cotton ; it costs from $10 to $25, and 
is apparently no more effective for this purpose than a homemade 
shaker. A convenient and efficient shaker can be made in the fol- 
lowing way : 

Obtain a gallon or half-gallon tin pail with a tight-fitting lid. (The 
lid is important in confining the fluffy and poisonous dust.) Make an 
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extension bail by nailing narrow strips of wood eighteen inches long 
to opposite sides of the pail and joining them above with a piece of 
broom stick. (Tlie extension bail enables the operator to walk erect 
and at the same time to distribute the material close to the ground so 
that it will not be carried away by the wind.) From the outside of the 
pail, punch four to six holes per square inch in the bottom, using 
an eight-penny nail. 



Fig. 2. — Homemade Shaker for Apply- 
ing Calcium Cyanide Dust 

Tills shaker must have a tight-fitting lid 
to prevent the escape of the poisonous dust. 


Fill the pail two-thirds full of dust and walk along the barrier, 
forcing the material out by a jiggling motion. The dust may be ap- 
plied as rapidly as one can walk down the side of the field. Approxi- 
mately one pound of the dust to thirteen rods of barrier was found to 
be effective. 

DIRECTIONS FOR MAKING A CREOSOTE BARRIER 

A creosote barrier is made by throwing up a ridge of earth around 
the infested field of small grain and applying creosote along the brow 
of the ridge on the side toward the field of small grain. The furrow 
should be turned away from the grain field. 

The creosote is applied with a galvanized or tin bucket having a 
six-penny nail punch in the side near the bottom. The stream of 
creosote should be directed against the brow of the ridge on the side 
toward the field of small grain, as above stated, so that the bugs in at- 
tempting to leave the field will crawl up to it. The creosote must be 
renewed once a day during the first week, and should always be ap- 
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plied on the same line. After the first week an application every 
other day is usually sufficient. 

The application should be made usually about 1 :00 o’clock in the 
• afternoon, before the bugs have gathered along the line. It is the odor 
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Fig. .'l—CoNSTKUcTiON OF A Creosote I^arrier Used Alone 
Where calcium cyanide .strip.s are to be u.sed with the 
creosote or coal-tar l)arricr, the slopi* of the ridge should be more 
gradual than shown here. 


of the creosote that keeps them from crossing the barrier ; consequently 
if the line is renewed when the bugs are massed against it, many be- 
come confused by the strong smell of creosote in the air and run over 
the barrier. 

A barrel of creosote, on an average, is required to maintain a half- 
mile of barrier during tlie period the bugs are leaving the wheat 
stubble. The creosote should ])referably be of a grade with a high 
napthalene content, 

A line of ground limestone is sometimes spread along the brow of 
the ridge and the creosote applied on this line. Limestone retains the 
odor of creosote better than does the soil and so increases somewhat the 
effectiveness of the barrier. 


DIRECTIONS FOR MAKING A COAL-TAR BARRIER 

Coal tar may bo used as a barrier in much the same manner as 
creosote, but the ground on which it is poured should be nearly level 
and should be compacted as firmly as possible, and a larger quantity 
of coal tar than of creosote will need to be used. 

It must be borne in mind that the effectiveness of the coal-tar bar 
rier depends largely on its sticky character. It will have to be re- 
newed more frequently than the creosote, and since about twice as 
much coal tar as creosote is required, this kind of barrier usually costs 
more than one of creosote. 
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Coal tar for this woi’k may lie obtained from plants in any of 
the larger cities. There is a wide difference in the grades that may be 
obtained from different plants. Coal tar which contains practically all 
tlie creosote is much more effective for barriers than that from which 
a part of the creosote compounds have been distilled. 


USED ON TRAP CROPS 

Many attempts have been made to control chinch-bug migrations 
by stopping the bugs in narrow trap strips of their favorite food 
plants sown between the small grain fields and the fields of corn or 
other crops to be protected. There seemed to be a possibility of using 
calcium cyanide with such trap crops by applying it when the bugs 
were gathered in the trap strips, and in 1922 some experiments were 
made with this method. No special trap crops had been sown, but 
strips of wild grasses growing between the small grain and the corn 
were dusted with calcium cyanide and a fair kill of bugs was obtained. 

In 1923 this trap crop and cyanide combination was tested more 
thoroly. Strips of oats, millet, Sudan grass, and corn were sown be- 
tween heavily infested fields of small grain and of corn. These strips 
were treated with flake, granular, and dust calcium cyanide at varying 
intervals and at varying rates of application. Altho these tests ex- 
tended over the migration period of one season, the results were not 
conclusive. Apparently this method is not so effective as the creosote 
barrier with the cyanide laid along it or in strips at right angles to it. 
However, the method may be worth trying under some conditions. 

Of the trap crops used on the University Farm in 1923, Sudan 
grass was decidedly the most effective. It is very attractive to chinch- 
bugs and withstands a considerable amount of feeding by them before 
it is killed. It is vigorous, and hence can also endure the bruising 
by teams and machinery which occurs in cultivating the corn. It 
is not easily killed by heavy applications of calcium cyanide, and the 
sheaths of the leaves fit so tightly to the stems that chinch-bugs can- 
not get between them and the stalk and thus be protected from the 
fumes of the gas. The rows of Sudan grass should be sown thickly 
and close together so that a bug can scarcely pass thru the strip with- 
out encountering a plant. 

Some tests with rye made during the latter part of the summer 
showed that this plant is apparently second to Sudan grass as a trap 
ci'op. It is hardier than oats and nearly as attractive to the bugs as 
Sudan. 

Millet and oats were found to be quite susceptible to cyanide. 

Corn, even when seeded with a drill, formed a very poor trap crop, 
many bugs going thru the strip and into the field of corn beyond. The 
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corn was also very susceptible to the effects of the cyanide dust, one 
or two dustings killing the plants. 

From the results of this work thus far, the following statements 
can be made : 

To be in the best condition for stopping the bugs, a trap crop 
should form a thick, close covering over the ground and should not be 
more than six inches high at the time the chinch-bugs migrate. For 
this reason, the trap strip should not be sown when the corn is planted. 



Fig. 4.— Dusting a Trap-Crop Strip 
WITH A Blower Duster 
The trap crop shown here is Sudan 
grass, which is somewhat higher than it 
should be for this purpose. To get the 
best results, the trap crop should not be 
more than six inches high. 


unless rye is used. Sudan grass should be planted one to two weeks 
after the corn is in the ground. The time of planting depends, how- 
ever, on the expected time of small grain harvest and not on the size 
of the corn. The trap strips should be three and one-half feet or 
more wide, and to insure a thick growth, they should be sown with 
about one and one-half times the usual amount of seed. 
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In this method of using calcium cyanide, dust was found to be 
the most desirable form. 

The dust may be applied to the trap crops by means of a duster or 
a homemade shaker. The shaker is not so good for this purpose as the 
regular blower duster; however, it gives a very fair distribution of 
the dust providing the trap strip is not more- than six inches high. 
The trap strips must bo dusted once a day when a heavy migration of 
the bugs is taking place. The dusting is most effective when done be- 
tween 4 :30 and 5 :30 in the afternoon. 

Judging from experiments made thus far at this Station, calcium 
cyanide dust must be applied at the rate of about one pound for each 
two and one-half rods of trap strip three feet wide. This is at the 
rate of one pound of dust to each one hundred and twenty square feet. 
Under favorable conditions, such an application kills from 80 to 95 
percent of the bugs gathered in the strip, but when the wind is strong 
and the crop dry, the results are not nearly so good. The amount of 
kill seems to depend in a general way on the amount of moisture 
present in the trap crop, the velocity of the wind, the height and 
density of the trap strip, and perhai)s some other factors. 

Calcium cyanide granules may be used in treating these trap strips 
and can be applied by hand at the same rate as the dust. Where the 
trap crop is wet with rain or dew, the granules are seemingly fully as 
effective as the dust, but on dry soil and planti^ they do not result in so 
large a kill. 

The above statements are not to be taken as definite recommenda- 
tions for the use of the trap strip and calcium cyanide combination 
for chinch-bug control. It will be necessary to carry on experiments 
for one more season at least before definite recommendations can be 
made. 


USED ALONE AS A BARRIER 

More than three hundred separate tests have been made in Illinois 
to determine the practicability of the flake, granular, and dust forms 
of cyanide used alone as chinch-bug barriers. Under favorable con- 
ditions it was found that nearly all the bugs attempting to leave a field 
of small grain on foot may be killed along such a barrier, if a sufficient 
amount of the cyanide is applied. Under less favorable conditions, 
however, the results were extremely variable. In some kinds of 
weather, one-half to one-fourth pound of cyanide per rod of barrier 
killed all bugs attempting to cross it during a period of three to five 
hours. With other weather conditions, the same amount permitted 
50 percent of the bugs to cross in fifteen to thirty minutes after it was 
applied. 
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In these tests, the calcium cyanide was used in various positions 
and at various rates. It was used on soil from which all vegetation 
had been removed, on the top of the plow furrow ridge, in strips in 
the stubble (which protected it somewhat from the action of the wind 
and sun), and in the bottom of a plowed furrow or trench dug around 
the margins of the field. Only when used in a furrow or trench did it 
give promise of having practical value as a barrier, under the condi- 
tions encountered. Used in this way the gas is somewhat confined, 
and if the soil is damp and little or no wdnd blows down the furrow, 
the gas accumulates sufficiently to kill most of the bugs over a con- 
siderable period of time. If the soil is dry, and the wind is strong 
along the furrow, the kill is small, even when the cyanide is used in 
the bottom of the furrow. 

In Table 1 are shown the results of 144 tests of cyanide used in the 
furrow ; they give an idea of the diverse effects of the chemical under 
different weather conditions encountered. 

Table I.—Effectivenf.ss op Various Amounts and Forms of Calcium Cyanide 
Used Alone in the Furrow as Chinck-Buo Barriers 


Form 

Amount used 
on each rod 
of barrier 

Number 

of 

tests 

Average time 
during which 90 
percent of bugs 
were killed 

Variation in time 
during which 90 
percent of bugs 
were killed 


lbs. 


hrs. 

hrs. 

Flakes .... 

4 

3 

m 

3 to 20 

Flakes 

2 

3 


1 to 17 

Flakes 

1 

18 

4 

M to 1.5 

Flakes 


15 



Flakes 

K 

17 

IVa 

Hto 4 

Flakes 


4 

Va 

kto UA 

Granular. . . 

2 

3 

4^. 

1 to 10 

Granular . . . 

I 

15 

314 

Vi to 17 

Granular . . . 

H 

12 

IVa 

Vi to a 

Granulkr . . . 

H 

13 

VA 

J^to 6 

Dust, pure . 

4 

1 

5 


Dust, pure . 

2 

1 

5 


Dust, pure . 

1 

13 

3H 

1 to 5 

Dust, pure . 


11 

2H 

34 to 6 

Dust, pure . 


10 

U4 

14 to 3 

Dust, pure . 


5 

Va’ 

34 to 1 


On still, damp days, one-half to one-fourth pound of flakes, gran- 
ules, or dust of calcium cyanide to a rod makes an ideal barrier in a 
furrow five to seven inches deep. The. cyanide should be applied on 
the furrow bottom at the point farthest from the grain stubble. The 
bugs are then forced to climb up the steep side of the furrow directly 
above the cyanide, and as a result, their movements are slowed up. 
Thus they are exposed to the gas for a longer time than when the 
cyanide is placed in the middle of the furrow or along the side down 
which they tumble in leaving the stubble. 
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As ma>' be seen from Table 1, where one-fourth to one-half pound 
of calcium cyanide per rod was used, it was in some cases effective for 
as long as six hours. Under such conditions, the cyanide applied at 
1 :00 o’clock could be depended upon to kill 90 percent of all the bugs 


Corn 


>8trdi?ht side of burrow 

/ 

/ /Point where cyanide 
/ should be applied 

/ / 

/ / Small <^ain slubble 



Fia. 5 . — Most Effective Construction of a Calcium 
Cyanide Barrier 

The straight side of the furrow should always be toward the 
corn, and the calcium cyanide should bo laid at the base on this 
side, as shown above. If a trench is dug, the cyanide should be 
applied at the same point. 


attempting to leave the field during the afternoon. In other cases, the 
same amounts of cyanide applied in the same way and in the same 
places were effective only for fifteen to thirty minutes; that is, it 
would be necessary to make three to five applications to maintain 
an effective barrier during an afternoon. 

Used at the rate of one-fourth of a pound per rod, an amount of 
calcium cyanide sufficient to maintain a barrier a quarter of a mile 
long would cost $4 a day. This figure is based on a price of 20 cents 
per pound for the cyanide delivered at the farmer’s shipping point. 
For a fourteen -day migration period, material for a quarter-mile of 
barrier would cost $56. The experiments show that on a number of 
days two or three times this amount of cyanide would have to be used ; 
therefore one can hardly count on maintaining an effective barrier for 
the season at less than $70 to $75 for each quarter-mile. This is 
nearly three times the expense of killing the bugs with a combination 
of creosote and calcium cyanide, or nearly ten times the cost of main- 
taining a creosote barrier. 

Because of the great variation in the results of experiments made to 
date, definite recommendations for the use of cyanide alone as a bar- 
rier cannot be made at this time. During the past season work sim- 
ilar to that done in Illinois has been carried on in Kansas, Missouri, 
and Indiana. Bather favorable results have been obtained with the 
barriers in Missouri. The results in Kansas and Indiana compare very 
closely with those obtained in Illinois. Judging from all the tests 
made, it may be said that a chinch-bug barrier can be maintained by 
the use of calcium cyanide alone, but that the expense of maintaining 
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Lucli a barrier is so great as to make it unpractical except for the pro- 
ieetion of a very valuable crop, such as seed com. 

Of the different forms of calcium cyanide tried for barrier work, 
the dust has, on the whole, given the best results, mainly because of its 
physical character. The small particles afford unstable footing for the 
bugs when they attempt to cross the line. This retards their move- 
ment, and they are exposed to the gas for a considerably longer time 
than when trying to cross a line of flakes or granules. These coarser 
forms of the cyailide evolve the gas more slowly than the diist, and 
do not greatly retard the movements of the bugs. On the other hand, 
when the soil is very damp, the dust gives off its gas so rapidly that 
it soon weakens and does not continue to kill over a very long period. 
Under such conditions the coarser forms of cyanide are to be pre- 
ferred. 


HOW TO HANDLE CALCIUM CYANIDE 

Caution is necessary in handling calcium 'cyanide. The gas given 
•off from this material is one of the most deadly known. However, 
the calcium cyanide used for chinch-bug control is comparatively 
weak in hydrocyanic acid gas, and if one is careful not to get his head 
directly over the container, or to breathe in the dust or the fumes 
of the freshly opened cans, there is little danger. There is appar- 
ently very little hazard in handling the material in the open air if 
one keeps on the windward side of the container. The writers have 
worked with it for the past two seasons, and have purposely tested 
the effects upon themselves in a number of different ways. Occa- 
sionally when enough of the dust was breathed into the nostrils, par- 
ticularly when the distributing utensils were being filled from the 
larger cans in which the material was shipped, a severe headache was 
caused. This discomfort disappeared after an hour or two in the 
open air; but one must be careful at all times. Cyanide should not 
he left in the field or around buildings where children or farm animals 
might possibly reach it. Fowls that have access to it sometimes pick 
up the flakes or granules, with fatal results. 
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THK CREOSOTE BARRIER 

Ext('nsive (‘xperiiiKMits during the migration period of 1924 dem- 
onstrated tliat the creosote barrier was the most practical and effi- 
cient type of chinch bug barrier for Kansas conditions. The use 
of creosote as a barrier material was developed in Illinois, and 
tlie methods of using it in Kansas are, with slight modifications, 
similar to those recommended in that state. 

The creosote barrier is made by plowing a furrow between the 
infested and noninfested fields, the dirt being thrown away from 
the former field. A line of creosote from one-half to three-fourths 
of an inch wide is then poured near the top of the ridge on the 
side nearest to the noninfested field. The creosote is best applied 
from a gallon bucket having an eight-penny nail hole in the center 
of the bottom. By using a long wire bail, the operator can walk 
along the barrier, directing the stream of creosote on the desired 
line. (Fig. 2.) 

Creosote can also be poured from a sprinkling can, the nozzle of 
which has been removed and the opening partially closed with a 
wooden plug. (Fig. 3.) This method, however, requires a little 
more time, since the operator has to stoop over while pouring the 
material. In using creosote, it is necessary that the line be renewed 
daily during the period of heaviest migration. Since the bugs 
usually do not begin moving until about 3 o’clock in the after- 
noon, it is not necessary to apply the creosote until shortly before 
the daily migration starts. Each application should be made along 
the same line; since the efficiency of the barrier increases with the 
number of applications. 

Creosote is merely a repellant agent and does not kill the insects. 
The bugs, on approaching the barrier, are repelled by the odor, 
with the result that they turn and follow along the line. Two 
methods may be used for killing the bugs as they travel along the 
barrier. The most effective one is to dig postholes at intervals of 
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about a rod. These holes should be about 12 inches deep and the 
rims flared somewhat. Wings of creosote should extend at right 
angles out past the holes two or three feet in order to guide the 
bugs into the trap. (Figs. L4 and 2.) The bugs arc killed by 



liG. 2. — A creosote-pastliole barrier i^howinK method of pouring creosote 
with a Jong-handled Kallon buc]<et. 

placing from one-fourth to one-half of an ounce of calcium cyanide 
in each hole daily. 

The other method of destroying the bugs is to place wings or piles 
of flake calcium cyanide at right angles to the barrier line at inter- 
vals of 12 to 16 feet. These wings of cyanide should be triangular 
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in sli;\p(.‘, th(‘ base resting on the line of creosote. (Fig. IB.) From 
one to two ounces of cyanide should be used for each wing and must 
be renewed daily when the migration starts. This method gives good 
control when the bugs are small and when there is plenty of soil 
moisture and little wind, but is not satisfactory when there is a 
strong breeze or low humidity. This ditrioulty may be overcome 
to some extent by packing and sprinkling the soil before placing 
the cyanide. 

Data on the cost of the creosote-posthole barrier were obtained 
in connection with the experimental work, and it was found that 
an etTicient barrier could be constructed and maintained during a 
migration period of 10 days for approximately $60 per mile. Under 
ordinary circumstances, a barrel of creosote is sufficient for each 
one-half mile of barrier. The cost per mile of the creosote-posthole 
barrier for a 10-day period in 1924 is summarized as follows: 


Creosotr, 2 barrels @ $10 a barrel $20.00 

T..abor, 3 liours a day (n] 25 cents an hour 7.50 

Calcium cyanide, 100 pounds @ 18 cents a i)ound j IS. 00 

IMiscellaneous, plowing furrow, digging po.'^tholes, etc 12.00 


Total $57.50 


Where wings of calcium cyanide are substituted for the postholes, 
the expense will be somewhat increased and the efficiency reduced. 
The minimum cost of constructing and operating one mile of this 
type of barrier for 10 days in 1924 is itemized as follows: 


Creosote. 2 barrels @ $10 a barrel $20.00 

Labor, 4 hours a day @ 25 cents an hour 10.00 

(yidciuni cyanide, 2i0 pounds (§ 18 cents a pound 37.80 

Miscellaneous, ])lowing furrow, etc 7.00 


Total $74.80 


The efficiency of the creosote barrier with either postholes or 
wings of cyanide was demonstrated by the fact that not a single hill 
of corn or sorghums was killed in the barrier-protected fields, while 
on many farms in the vicinity, from 40 to 100 acres of unprotected 
row crops were destroyed. Careful counts and estimates showed 
that at no time did more than 1 per cent of the migrating bugs cross 
the barrier, and during most of the period less than one-tenth of 1 
])cr cent succeeded in crossing. Some idea of the number of bugs 
along this barrier is indicated by tlie fact that more than 400,000 
bugs were caught in a single small trap between two wings of cyan- 
ide during one afternoon. During the height of the migration, the 
bugs were passing a given point on the barrier at the rate of 3,800 
per minute. 
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The advantages of the croosote-postholc barrier may h-c sum- 
marized as follows: (1) It is effective under all conditions and the 
cost is not prohibitive. (2) The labor item is reduced to a mini- 
mum. (3) Creosote will remain effective for a period of 24 hours 
thus holding any migration that may take place during the morn- 
ing. (4) Calcium cyanide in the postholes takes care of the prob- 



tie. 3. — far barrier showing method of pouring tar or creosote from a 
sprinkling can. 


lem of destroying the bugs after tliey are trapped. (5) Creosote 
comes in convenient containers and is easily handled. (6) Creosote 
has many uses on the farm, so atiy material not used in chinch-bug 
control is not wasted. 


METHODS OF APPLICATION 

The methods in the use of C\vanogas C'nleium Cyanide 
in the control of chinch bugs, migrating from one field to 
another, may be briefly summarized as follows: 

Barrikk Ml’/rnoi): 'rhe barrier is made by plowing 
a narrow, deep furrow between the wheat and the corn field 
with the perpendicular side of the furrow next to the corn. 
Cyanogas Chinch Bug Flakes are distributed at the bottom 
of the furrow in a compact strip, about three inches in width, 
using one pound to each sixty feet. (Fig. .v7). d'his should 
be done each day of the migration period just before the 
heavy movement of the bugs begins, which ordinarily occurs 
about mid-afternoon. 

There is an evolution of gas from the Hakes, stronger at 
first and gradually diminishing, which kills any bug attempt- 
ing to cross or getting into the trench. The amount of material 
described above should maintain a killing concentration of 
gas for several hours covering the migration period of each 
day which lasts for about four hours. 

In some states where the soil is quite dry, the moisture 
in the air may not be sufficient to produce a rapid evolution 
of the poisonous gas after one or two hours. Under these con- 
ditions, sprinkle the ditch lightly with water from a sprinkling 
can, walking as rapidly as possible to prevent drenching. 

Calcium Cvamul Wixcis with Creosote Barriers: 
In case a creosote or tar barrier is used, it has been cus- 
tomary to dig post holes at intervals behind the barrier for 
the purpose of trapping the chinch bugs. Short strips of 
Cyanogas Chinch Bug Flakes at right angles to the creosote 
barrier have been successfully substituted for the post holes 
with the result that when the bugs move along the barrier 
seeking a crossing place, they reach these cross strips and 
die. (Fig. 4-7). "Fhus the post holes are unnecessary, since 
the hdakes kill more bugs than usually are caught in the holes. 

The Trap Crop Method: The trap crop method has 
proven easy and efifective, but rei]uires forethought on the part 
of the grower. In using this method, a trap crop of Sudan 
grass, rye, sweet cane or sorghum, millet, or similar favorite 
food plant of the chinch bug is planted between the wheat 
field and the corn field. 
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The strip should be from four feet to a rod wide and 
planted thickly, about four weeks before wheat harvest, so that 
the plants will not be too tall at the time of the chinch bug 
migration. Chinch hugs migrating from the wheat stubble 
will stop in the trap crop to feed. Kvery twenty-four or 
forty-eight hours, when the plants are dry, the farmer should 
broadcast Cyanogas Chinch Bug Flakes along this strip at the 
rate of fifty to one hundred pounds per acre. 

The gas given ofif by the flakes will kill the bugs in the 
trap crop. When a new lot of bugs have collected in the 
strip they should again be treated. 





I .OCUSTS 

in view of the sueeessful e.vpcriiiients iii the eontrol of 
ehineh bugs and of eertain preliniinary tests in the eontrol of 
grasshoppers in the I nited States, it was deeided to earrv 
out a series of experiments to determine the elfeeti veness of 
C^anogas Caleium Cwinide for the eontrol of migratory 
loeusts. 

d'o earry out these experiments, our Mr. hh^ank K. Todd 
was sent to the Argentine in I9?4 to work on Schisiorerra 
pfiraucusis , known in* t:.e Argentine as the langosta. This is 
one of the larger species of migratory loeusts which dies south 
from the tropics each spring, feeding and laying its eggs on 
the treeless plains of northern Argentine. It is also a serious 
pest in Brazil, Bolivia, Paraguay, Mexico, and probably other 
South and Centra! American countries. 

The principal crops of the area invaded in the Argentine 
are dax, wheat, corn, alfalfa, vegetables, and some fruits. In 
other sections, cotton, sugar cane, and citrus fruits are attacked 
by the langosta. All of tliesc crops are in large acreages but 
by far the largest are planted to wheat and dax. The profit 
from a hectare (2.471 acres) of Hax is about $100 Argentine 
money, while the prodts from tlie other crops run a little 
higher but do not exceed $200. With returns such as these 
it is apparent that eontrol measures are well worth while. 

The adults, after wintering in the tropics, dy south in the 
early spring to lay their eggs. (Fig. 5-7). These are laid in the 
ground; the soil being packed full of eggs in considerable 
patches. Immense numbers of small jet-black nymphs, the 
drst instar, hatch in these localized areas. 4'hese nymphs are 
extremely gregarious, rather inactive, and tend to cling in 
dense black masses on those plants which are their favorite 
food. 4'he insects of the second instar are essentially like those 
(4 the first, but are somewhat more migratory in their search 
for food. In the evening they gather in swarms that completely 
cover the vegetation. These two instars, the mostiuita stage, 
camiprise the first dfteen days of the insect’s life. 

The next three instars are known as the saltona stage. 
They are so called due ‘to the active hopping by means of 
which they move about in search of food, principally corn 
and alfalfa. In this stage they spread out over a greater area 
and are very restless, migrating aimlessly for considerable 
distances during the day. In the evening they gather again 
in close masses, often in a convenient straw stack, d'he appe- 
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tite of the saltoiia is more ravenous than that of the mosquita. 
They attaek a wide \ariety of plants, riddling tl.e foliage or 
de\(, tiring the entire plant. (Fig. 6-7). The damage which 
they do is severe, rapid, and extensive; covering a large area 
in a short time. 

Mr. I'odd reached the .Argentine at the time when the 
adult langosta were laying eggs. Cyanogas Calcium C'yanide 
Flakes and Cvanogas Calcium Cyanide "A” Dust were used 
in the preliminary experiments against this stage. It early 
appeared that the adults were very resistant to hydrocyanic 
acid gas. It seemed practically impossible to secure a satis- 
factory kill, even when the doses were high enough to severely 
injure the plants upon which the langosta were resting. The 
results of these early tests are included in d'able I. 

'I'he failure of Cyanogas Calcium Cyanide to kill tbe 
adult langosta did not discourage the Argentine entomolo- 
gists. It was their belief that the adults should be allowed 
to lay their eggs undisturbed, thus localizing the infestation. 
They felt that the best time for control was the mosijuita 
stage, for at that time the insects were most easily attacked by 
reason of their habits. The fact that they gathered in dense 
masses made it possible to apply all the poison where it would 
do the most good. The mosipiita stage was fairly inactive, 
hence could be approached for treatment without greatly 
disturbing the swarm. 



Table I. 

Cyaiio{;as Applications for Control of tlie Argentine Laiigosta (SiiiiiliHrmi fmmm) 
Frank E. Todd, 1924, 


Exp. 

No, Plaik 


StA(,E M.VrEKIAL 


Dosa(,I';Pei( 

50S().M. 


Area 

Treated 


Method OF 
Apit-ication 


IvEL, 

l'i«. Tur, lliiii, y,.Kiu, 


l\E.\lAkkS 



Siiii Jiihlu Mosiiiiila 

I'lakcs 

1,050 grams 

30 s(j, metres 

fjj 

Sail Justu " 


2,500 “ 

20“ “ 


Parana " 

“ 

4,00(1 “ 

3“ •• 

i'l 

Parana “ 

'■ 

24,000 “ 

/j si|. metre 

()(l 

San Jiisto “ 

A Dust 

100 “ 

5,000 .s(|, metres 

O.i 

San Jirslo " 


.157 '• 

700 “ “ 

ii} 

San Jnsto “ 

" 

1,000 " 

200 " " 

(4 

San Jiisto “ 


1,000 " 

.50“ “ 

tc 

(Mnesa " 


1,250 “ 

}i0“ “ 

:^1 

SaiiNidiob " 


1,250 " 

20“ “ 

hi 

San JiLsto 


l,.i00 " 

75 “ " 


Ca|)itaiiSaiTiiicnli)" 


1,425 '• 

70“ “ 


San Jiisto “ 


2,000 “ 

25“ “ 

101(1 

San Nicholas “ 

(irannh's 

1,IMI)) " 

10“ “ 



A Dust 

1,000) " 


KIP; 

SaiiNidiolas “ 

A Dost 

1,(«)0) “ 

11 “ “ 



Flakes 

1,500) “ 


11)0 

San Nicholas " 

(irannlar 

2,5W) “ 

1) " “ 

O') 

SaiiNidiolas “ 


4,00() " 

f) “ “ 

(iS 

SaiiNidiolas Sallona 

"A" Dinst 

'435 “ 

«()“ “ 

01) 

SaiiNidiolas " 

- 

1,250 “ 

40“ “ 

loti 

Chivilcoy " 


1,500 " 

10“ “ 

107 

lliivilcoy " 


.1,125 “ 

lf)“ “ 

07 

SaiiNidiolas 

Flakes 

l,(i50 “ 

107“ “ 

() 

San Jnsto Adult 

‘A" Dust 

5,500 •' 

- 

4’ 

San jnsto " 

“ 

11, .150 “ 

11 “ “ 

•Id 

San Jnsto “ 

“ 

17,000 " 

15“ “ 

2 

San Jnsto 


21, O'))) “ 

- 

1 

San Jnsto “ 


23,310 “ 

-- 

4ft 

San Jnsto " 

" 

31,250 “ 


3 

San Ju,sto “ 

Flakes 

23,310 “ 

-- 


llruadcast 

10;00 

54 

7o 

OO'A 

Bain l'(ill(iwing apidicatioii rC' 


1«;00 

55 

.82 

7001. 

leased gas rapidly 


10;00 

0:00 

85 

80 

32 

n 

\ery di'y-applicatimi t.N. scat- 
tered 


32 

lot.. 

ioiicenlratiun nut hiiilt up ,so.iii 
enijiigli 



Aiiier, Beauty 

lti:00 

()8 

43 

7.5'/7 

Duster 

I0:0t) 

10:00 

(4 

(e5 

.D 

48 

m 

M: 

Dn‘^age too light- slight wind 


IX:30 

55 

.82 

\'ery High 


WiTiKual 

18:30 


- 

10007 


Duster 






Aiiier, Beauty 

8:00 



75t<. 

SiiiTniinded hy harner. 

17:.i0 

DO 

2o 

m 

Wiiidy-lijw liiiniidity 

Duster 





Vernii.iral 

10:30 



'i0'/7 


Duster 

Aiiier. Beauty 

0:.)0 

00 

40 

oott 

StiTjiig wind weakened emi. 

Duster 





eeiitratioii 

llokhTS 

18:.i0 

80 


0807 

Dusted niilil sliipelied-liran- 

"Til) W 





iiles then thrown on. 

Duster 






llaiiil 

18:30 

8o 


0807 

Dusted until stiipelied- hlakes 
put on lo niaiiitaiii high coii- 
eeiitralioii, 


Broadcast 

0:30 

75 


(lOt; 

1)007 

Foensts on gToiiml killed - 
on plants ahuve escaped, 


6:00 

75 


VcniKii'al 

10:30 

83 

- 

8007 


Duster 

18:40 

(80 


7507 


Holder’s 

lOiOO 

00 

- 

8007 


“Tip Top" 






Duster 







10:00 

00 

- 

5007 

7507 

Wet ground and plants ah- 
sorbed gas 

Br()adca.st 
aroiiiid plants 

6:00 

74 


Males snecumh easier than 
females 


Anier. Beauty 
Duster 

15:00 

00 


1007 

Sirooii 

10:00 

77 


7207 

2507 


10:00 

77 



Amer. Beauty 

8:00 

ii) 

- 

oy.. 


Duster 




52,5'/e 


II 

18:00 

SO 



Spoon 

10:00 

77 


15% 


Hand 

18:30 

50 


11% 






i il;’. 7. ( urnlu’M I !<'\;ist;ilcil liv ,\ri;x'Utinc. S. A 


Mr. 'fodd carried out extensive experiments to test the 
erticacy of C'vanogas for the various immature staj^es of the 
laiiyo>ia, as tliev (ie\eloped. He sooti discoxered that a sulh- 
cienlly lii”;h concentration of gas. that would give a satisfac- 
tory Cl nimercial kill of the mos(]uita, could not be obtained 
by the use of Cyanogas C'alcium Cyanide b'lakes under the 
ordinary d'-y conditions existing in the Argentine. Cyanogas 
"A" Dust was found to give a much higher kill when applied 
under favorable atmospheric conditions. When a strong wind 
was blowing, even with \ery heavy applications of the dust, 
poor kills resulted due to the impossibility of building up and 
maintaining an adeejuate concentration over a period of time 
necessarv to cause the death of the insects. .At the completion 
of the work on this stage. .Mr. 'Fodd was able to state that 
Cyanogas “.A” Dust, applied at the rate of one kilo per 50 
s(|uare metres would secure a satisfactory kill of the langosta. 
The dust should be applied under favorable atmospheric 
conditions such as; calm or very slight wind, fairly high rela- 
tive humidity, and not too dry soil. 

'I'lie control of the saltona stage was attempted, following 
the same procedure as that used against the mosquita. The 
Cyanogas Calcium Cyanide Flakes again proved ineffective 
due to the slow evolution of the gas. Cyanogas “.A’’ Dust 
proved to be more effective against the saltona stage when 


(lusted, by means of a duster or shaker, over the inseets, when 
they were clustered together for the night. It will be seen 
from Table I that high doses used against the saltona were 
not nearly so effective as the same or lower doses against the 
mos(|uita. dhese results bore out \ery well tbe precious 
assumption that the best method of attack would be one di- 
rected toward the control of the mos(]uita stage. 

Since the use of Cvanogas C'alcium Cyanide f lakes, laid 
down as a barrier, had proved to he successful in the control 
of the chinch bug, it was thought that some modilication of 
this method might he used successlully for the control of the 
langosta. The method recommended by the .'rgentine gov- 
ernment for the control of the langosta was the use of metal 
barriers, eigbteen inches high with corrals at regular inter- 
vals, 'I'he migrating langosta, in the saltona stage migrated to 
the barriers, over which they could neither climb nor fly. The 
direction of migration was then changed and they progressed 
along the barrier until they were stopped by falling into the 
corral. I'his method did not give the desired results as it was 
too inriexible to meet sudden changes in the migration of the 
insects, (f ig. ^-*-7). d’he barriers were difficult to install, and 
involved high costs in time and labor at a season when these 
could least be spared. It seemed that Cyanogas might well 
be used as a killing agent in conjunction with these barriers. 

Mr. Todd carried out a number of experiments to deter- 
mine whether some variation of the barrier method might not 
be made effective as a means of control. I le laid down barriers 
(if varying widths and concentrations on the surface in front of 
the advancing swarm of hoppers. Most of the insects were 
able to pass safely through this gassed area. Cyanogas was then 
used in ditches of varying depths and although a slightly 
higher kill was obtained, this method was not effective. 'I'he 
results of his experiments, using barriers against tbe moS(|uita 
and saltona stages, are included in 'I'able II. 

Cvanogas “A” Dust was then used with the hope that a 
better kill might be secured by the use of a material which 
evolved its gas more rapidly than the Flakes. The dust 
worked very well when the hoppers were restricted to the 
gassed area by means of ditches or iron barriers, but as a strip 
to prevent migration, regardless of width or concentration, 
it was ineffective. 'I'he results of the work with Cyanogas 
as a barrier indicated that the best method ,of application 
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Taile II. 

Harrier Applicatinii.s (i[ ('vaiiiis;Ls Caleiiiiii Cyaiiiile I'nr (iiiilnil o( tlic ;\ri;ailiiie laiij-osla (Sdnsliimd l<iiriimis) 

I'rank Ir. Tudd, l')24. 


l'!xr, 

No, 

Flack ■ ,Stai,I'; 


Dose Fui 

Amo|:,\T 

iJl'iSiRlITlON'OF 



kci.. 



MA'I'KHIAI, 

[5S(..iy. 

USKII 

Harkikr 

Timk 

Tkmi>. Hum. '/o Kim 

IvK, MARKS 

40 

Villa Uniiiiza Mosqiiila 

['lakes 

31 grains 

1 kilo 

2 X 8 metre strip 

10:00 

88 

41 

0% 

Dryness and wind made dosage inet- 

47 

Villa Urqiiiza “ 


10(1 “ 

kilo 

lOm. X 20cm. ditch 

10:30 

88 

41 

(I'/o 

I'ective, 

Dryness and wind made dosage inel- 

61 

San Justo “ 

ii 

111 " 

8 kilos 

36m, X Im. harrier 

7:30 

52 

()0 

70% 

fective. 

kaiii following application increased 

4J 

Parana 


lit) “ 

360 grams 

30cm, X nm. (put in 

10:00 

80 

32 

30% 

kill. 

50 ' 

Villa Urquiza " 




six holes) 







150 " 

500 grams 

10m, X 15cm. X 30 cm. 

11:30 

88 

41 

0% 

Dryness and wind made this dosage 
ineffective. 


Villa Urquiza " 

51 


180 " 

000 grams 

0 holes 20x20 cm. 
each, Im. apart in a 

17:00 

88 

41 

25% 

Deeper holes might be more effective 



San Nicholas “ 




lOiii, trench 







Ml “ 

3 kilos 

2}J sq, metres laid 
down perpendicular 

10:30 

00 


25% 




4« 

Villa Urqiiiza “ 




to steel barrier 







500 “ 

U kilo 

Im. long X 50cm. 
wide X 50 cm. deep- 
ditch behind iron 

10:30 

88 

41 

(41% 







Villa Urqiiiza " 




barrier 






57 


5(^1 “ 

1 kilo 

Pit™ 1 .sq. m.-75 cm. 

10:00 

88 

.10 

20% 


5') 

San Justo " 

"A" Dust 

375 “ 

kilo 

deep 

4 111 . long X 15 cm. 

16:30 

81 

24 

5% 



San Nicholas " 




wide 






0'),i 

(iraiiulcs 

2') “ 

175 grams 

3m. X Im. 

6:00 

75 


60% 


m 

San Nicholas “ 


54 “ 

325 grams 

3 111 . X Ini. 

6:00 

75 


60% 


% 

San Nicholas Saltoiia 

['lakes 

71 *• 

2 kilos 

2 m. wide x 7 ni. 

0:30 

86 


()(l% 

Too thin an application. 


San Nicholas " 




long-barrier 






80 


205 “ 

2 kilos 

4 rows of I2m. x 

7:00 

72 


60% 


03 

00 

San Nicholas " 

San Nicholas “ 


285 “ 

2 kilos 

lOcni, 

1 $ 111 . X 1 m. barrier 

16:00 

00 


05% 

Covered with straw after application 
to prevent escape of laiigosta. 

“ 

415 “ 

2 kilos 

4 rows 6 111 . X 10 cm. 

6:3(1 

68 


80% 


01 

San Nicholas " 


830 “ 

2 kilos 

2 furrows 10cm. x 

11:30 

80 


75% 

Many escaped by avoiding furrow. 


6 m, 




n 



(»l (‘\aiin^a> willi I )iisU‘r iCr ( nnirol dt’ r<an;^(i^la. 

was to dust the insects when tliey were eoneentrateil in a 
restricted area. 

In \ic\\ of the siK'cessful results obtained in the experi- 
ments for the eonirol of tlie mosejuita, it was felt that Cvanoj;;as 
had a place in the control of locusts in the .\i\ttentine. The 
followiiift: our Mr. (ieortje (>. M'ittwer carried out 

further experiments to determine if improved methods of 
application mitt^hl reduce the dosai>e necessarv to jtjive eom- 
mercial kills. At the conclusion of his experiments he demon- 
strated the use of C’vanogas Calcium C'yanide before govern- 
ment olHcials in two oHicial locust tests. Kxtracts from his 
reports of these tests follow: 

First ()i-i icl\i. Foct st 'ITsts 

"On last Tuesday (October 27, Ib2,s) the first official tests 
for the control of the locusts in the nymph stage were made in 
the presence of Mr. E. F. Blanchard and S. Kmilio Barbesino, 
who constituted the commission appointed by the Bureau of 
Agriculture for this work. 

“These tests which took place outside of Ataliva (Prov. 
Santa Fe) were begun at I6:()() and continued to I8:,^0 o’clock. 
The day was sunny and a mild wind prevailed. The dry 
bulb registered 77" and the wet bulb 65". A Holder’s "Tip 
Top” duster was used in this e.xperiment. 
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‘‘The moscjuita masses, newly hatched and still hatching, 
were located along the roadside among the weeds. At the 
beginning of the experiment they were quite spread out as the 
sun was still high. However, by I6:x() they were congre- 
gated in compact patches ranging from Im.x Im. to Im.x 5m. 
1 hese patches covered 100 square metres and were located in 
an area 270 metres long by I metre wide. 

“We had considerable difficulty in spreading a light dos- 
age with the “'Up Top” duster, but were finally able to get 
it adjusted to spread at the rate of I kilo to 50 S(]uare metres. 
In this manner we dusted an area of locusts consisting of 
100 S(]uare metres with 2 kilos of dust. A kill of 100^ 
was secured, 'fhe effect of the gas was instantaneous and 
during the two and one-half hours that we remained there, 
no revivals were noticed. We did observe insects hopping 
into the dusted area, and they were immediately killed by 
the fumes, 'fhe nymphs in this and subseiiuent experiments 
seemed to dry up almost immediately after death. 

“'Fhe commission recommended that further experiments 
also be made with Cyanogas with a view of ascertaining the 
cost per S(iuare metre for controlling the locust in the various 
life stages, to hnd out to what stage this insect could be con- 
trolled with Cyanogas on an economical basis, and to make 
some studies relative to the most economical method of appli- 
cation. 

“W^ith this in view it was decided to make further tests 
against locusts in the nymph stage on 'rinirsday (October 29, 
1925) on patches that were entirely hatched. 1 might say 
here that the time for hatching this year is taking much longer 
than during normal years owing to the cold weather which 
has been prevalent during the entire spring. The eggs took 
sixty-three days to hatch, and locusts in the moscjuita stage 
were still quite scarce when we went to Santa Fc to make 
our tests. 

“Idle commission suggested that some experiments against 
the nymph stage be conducted with Cyanogas “A” Dust 
diluted with some other ingredient, thereby reducing the cost 
of treatment. We therefore made preparations the following 
day to make experiments on the 29th with mixtures of flour, 
plaster of Paris, and air slaked lime to see which of these 
would best serve the purpose. A small (juantity of each of 
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these was secured and screened through a tine sieve, ddiese 
ingredients were then carefully dried in an oven, packed 
in glassene paper bags of 100 grams each, and placed in 
empty Cyanogas tins to prevent the absorption of moisture. 
The 100 gram bags facilitated mixing in the held just before 
the experiment and made the control of the amount used for 
the area treated much easier. 

“On the 20th we prepared to lea\'e earlv in the morning 
to make some tests against adult locusts in the laving stage, 
but did not arrive on the held of operation until 12:06 noon. 
We found the entire roadbed covered with locusts breeding 
and laying their eggs. Since their wings were very drv, thev 
were very active and could only be approached for treatment 
with difficulty. 

“However, \ve were able to dust an area of 80 square 
metres with two and one-half kilos of dust and obtained a 
very high kill. It was impossible to check up on the percen- 
tage, for when the dust was applied many of the locusts either 
jumped or flew out of the gassed area. We remained there 
for one and one-half hours and noticed that locusts alighting 
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Dead Daiii^ovia at of Pit. 


in the gassed area were stupefied itnrnediately and died shortly 
after, .-\fter the dust had been distributed, we eheeked up 
on the dusted area and found, without exception, that the 
locusts which had remained in the dusted area were dead. 
We also experimented with putting a dust barrier on the 
windward side of small patches of locusts and noted that those 
remaining in these zones were killed. The commission agreed 
with us that it would not be difiieult to control the laying 
locust if the material were applied early in the morning or 
late in the afternoon. 1 hey stated, however, that they were 
not particularly interested in controlling this stage as they 
preferred to permit them to lay their eggs in localized areas 
which they might not do if disturbed in the process of laying. 
Eggs laid in a localized area make the control of the mosquita 
much easier. The weather during this experiment was al- 
ternately cloudy and sunshiny with a mild wind blowing. 
The dry bulb registered 74" and the wet bulb 64". A much 
heavier dosage was required to kill at this stage than in the 
mos(]uita stage. (Place; Tacural, Prov. Santa Fe.) 

“The next experiment took place outside of Ataliva 
(Prov. Santa Fe) on the same day (October 29, 192,^). The 
patches treated had entirely hatched out and the insects were 
from 2>< to 5 days old. The time of application was from 
16:3,^ to 18:30 o’clock. The sun was still shining and there 




was practically no wind. The dry bulb registered 75" and 
the wet bulb 68". Cyanogas was mixed with flour, plaster of 
Paris, and air slaked lime. The flour and plaster of Paris 
had to be ruled out as they contained sufficient moisture to 
cause a great deal of gas to generate while being mixed with 
the Cyanogas. Much better results were obtained with the 
lime although some of this seemed to contain moisture. These 
mixtures (5()'' lime, 50^ Cyanogas) were applied with a 
Feeny No. 2 duster (with extension and spreader) and with 
a sifter. 

''With the sifter we treated four patches to ascertain what 
the effect of the use of a diluent would be. 'Phe results were 
as follows : 


.^i/c of An.a 

1 r(‘a(C(i 

( iraiiis ( \ ain >'i;a> 

( Irams 1 aiiu- 

A Kill 

111 . x 2. n]- 

” 1. 

^.0 s.,. m. 1 
’■ ” ( 

100 

100 

100 

5. " \ 

15. " " 

AK) 

3)0 

100 

7. " X 2 A " 

lo.s " •* 

575 

575 

101) 


-^0.4 

(>75 

075 



'‘Of all tlie metliods of application used in these experi- 
ments, (Holder’s "d'ip Top” duster, Feeny No. 2 Duster, and 
a sifter), it was found that the sifter gave the best results. 
Witli a sifter we were able to spread the dosage more evenly 
and this method had the advantage of placing the material 
directly on and around both the plants and the insects. Both 
of the dusters raised large clouds of dust, which left very 
little material where it could be of value, and did not spread 
the material as evenly or lightly as was necessary for an eco- 
nomical kill. 

"'Fhe commission and some other members of the Defensa 
Agricola who accompanied us dusted several patches, subse- 
(juent to the experiment noted above, with 50-50 mixtures and 
obtained a kill of one hundred per cent in every case. We 
particularly observed the action of the gas on the few nymphs 
that hopped into the gassed area. They could not withstand 
the rapid action of the gas . We dusted a few patches of 
nymphs with a mixture of one part Cyanogas and two parts 
lime but this was wholly unsatisfactory as it merely stupefied 
them for a short time, most of them reviving within ten 
minutes. 
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The only t]ucstion remaining to be solved was a more 
perfect method of application, entailing a minimum loss of 
Cyanogas. The sifter which was used was a very crude affair, 
being made hurriedly by punching holes in the top of a 
Cyanogas tin with a naiT^. 'Fhese holes were not ei]ual in size 
and not evenly spaced. The best type of sifter would be one 
with a mesh sufliciently large to permit distribution at the 
rate of I kilo to 60 or 70 sciuare metres. 

“Idle commission decided to adjourn our experiments 
until the week of November 15, at which time we should be 
able to test Cyanogas for the control of more advanced stages 
of the langosta.” 

SaoxD Official Coccst Tfsts 

“'rhe commission for these tests was composed of Sr. 
Kmilio Barbesino, Sub- Inspector for the Defensa Agricola in 
Santa be and Sr. Hector Millan, Ingeniero Agronomo, whose 
permanent station is in the fruit districts of Mendoza. 

“1 he first of these tests took place outside of Rafaela, 
Santa Fe, at 6:00 o’clock on November 17, 1925, in a weedy 
alfalfa field which adjoined the road. The sun was well up, 
very little wind, the dry bulb registered 74" and the wet bulb 
70". There was no moisture on the plants. A large mass of 
insects was located alongside the road and in one corner of 
the field in the weeds. The commission identified these as 
being about ten days old. 'Fhe patch treated covered an area 
of 240 sc]uare metres. Six kilos of Cyanogas were used; five 
kilos were put on pure and one kilo mixed with an e(]ual 
amount of cheap talc, ddu* kill was the same in either case. 
The material was applied with a Holder's ‘‘Tip d'op’’ duster, 
a sifter, and a Cyanogas No. 52 duster. All methods proved 
e(]ually effective. OTis patch was checked up on November 
20, 1925 and it was found that a kill of one hundred per cent 
had resulted, with no damage to the alfalfa. 

‘‘On November 19th, five masses of locusts, 10 days old, 
were treated. The time was 6:52 o’clock. There was con- 
siderable dew on the grass although the sun was quite high 
and the wind strong. The dusters used were Holder’s “Tip 
Top”, Cyanogas No. 52, and “La Potente”, a locally manu- 
factured double action duster. The wind was too strong to 
permit placing the dust and it also blew the gas away, as the 
grass was too short to retain the material until a killing con- 
centration could be reached. We also used the sifter with a 

* See Fiji:. 5-6 on pajjje 6-46 for illiistrati(»n of siicli a sifter. 
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SO-SO mixture, pure dust -and pure Cyano^as Cj-Fumigant, 
and the results were negligible. The locusts were located in 
short pasture grass about 6" high, where they 4vere already 
quite active. When we checked up late that afternoon a very 
spotty kill was observed and the grass where the dusting had 
been particularly heavy was severely burned. 

‘dn the afternoon of the same day, four large patches of 
locusts were treated in the same field which had been treated 
in the morning. The time was I8:ld to 19:80 o’clock. The 
total area treated amounted to 210 square metres on which 
4)2 kilos of dust were used. There was very little wind. 
The ten day old locusts were gathered in dense clusters. I he 
kill was checked up the following morning, November 20, 
1925, and it was found that where the dusting had been heavy 
a kill of one hundred per cent had resulted but where the 
dusting had been light the kill was negligible. However, no 
real check could be made as the spots treated had already 
been invaded by a new lot of the first and second instars. 

“ Fhe next experiments were carried out in a field just 
outside of Rafaela where w'c found locusts in both the mos- 
(]uita and saltona stages, d'emperatures could not be taken 
but it was evident that the humidity wuis high. The Savage 
duster was used and gave splendid results. With this machine 
the nymphs up to ten or tw'elve days old WTre killed with 
Cyanogas "A” Dust, wdien applied at the rate of I kilo per 
50 scpiare metres. I'or the saltona stage it took practically 
double this dose. There were six of these masses treated at 
this time, all located in a w^eedy pasture. The next morning, 
November 24, 1925, checking up showed a kill of one hundred 
percent of the moS(]uita and that only sixty percent of the 
saltona had been killed. 

“The commission informed us after we returned to 
Rafaela that they had seen enough experiments wdth Cya- 
nogas and wx^re satisfied wdth the results obtained and that 
they wxre recommending approval of Cyanogas for the control 
of locusts up to 10 days old.” 

Following the report of the commission, the .Argentine 
government gave the official approval for the use of Cyanogas 
Calcium Cyanide for the control of the langosta. 
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Buenoa Alraa, Marco 30 de 1926.- 


SePlor F.Hintermeyer, - 


Buenos Aires. 


For la preaenle hag« constar que en loa experiir.en- 
tos oflclales efectuaoos con el compuesto "CYAKOGAS” so ha com- 
probado quo aicho producto ha dado muy buenoa .resultados en la 
deatruccldn de la langoata en estado de mosqulta, coico asl nis- 
mo an la deatraccl6ii de vizcacbas.horailgaB.rataB y olroa Insoc 
toa, reptiles, anfioioa, etc. ,y quo puede ser conslooruuo eomc un 
eleraonto de valla para la defenea ue la aG,ricuUura y como des- 
tructor de toda close oo roedoros 5 itiuectos y para la dediiil'ec 
cl6n do grujros atacados por dlversos purfiettoft,- 
li:xp-W-5203/G35.- 




THA KSLATIO? 

(The original ia typea on a. sheet bearing a clTcuiaf 
des:j>n bearing the inaoripticn: "A, H. Ministrjr of 
Agriculcure, General Dlrsatlcn of Agriculture and 
Rural Defense".) 

Buencs Aires, Meirch jOth l'>?c 
Mr. 1. Hinteriney jr, 

Buaricj Aires: 

1 hereby ».iahe Kncun that in the official tesrt 
aiaae ^^ith the "CYA.\0GAS" corr.pcund, it has oeen proven 
that the saia product hns given excellent result? in 
the destructlcn o: the Iccust in the "moS'-iuita" stage 
ae alBO in the aeytruction of viseachaa, ants, rots 
and other ins-at?, reptiles, anphlbiana etc., and 
that it nay oe eonniJered as an eleitent of tne greal— 
est value for the acleuee of agriculture and as a de- 
stroyer 01 all kinds of rodents ana insects and lor 
the fumigation of cereals attaekeo by aivers paipsiie 
Bile ho. 

Your.^ very truly 
(eignea) Cuiileni.o Lynch 

(SEAL of the Office of the Eirecter Gef.eral ct /:^ri- 
culturc and Kural' Defence. } 
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CoxcLrsioxs 

1. 'Fhc sifter is the best method of applying the dust 
to the mosijiiita ( l-.s days). At this stage they live in a com- 
pact mass and can be dusted (]uickly, easily, and with a small 
amount of dust. 

2. A sifter has the advantage of putting nil of the dust 
where it is useful. 

h'or the mosquita, a >()->() mixture of Cyanogas with 
talc can be used with the same result as was obtained with 
undiluted Cyanogas. 

4. The use of a good duster with Cyanogas “A'’ Dust is 
the most effecti\'e method for the control of locusts from 5 to 
12 days of age. 

5. excellent results can be obtained at this time bv using 
a mixture of “A” Dust and 50^ talc if the insects are 
massed in tall grain, weeds, or grass which are an aid in main- 
taining a high concentration of tlie gas. 'bale is the only 
diluent which is advisable to use. I'nsatisfactory results arc 
obtained when the masses are located in short grasses. 

6. Dust the plants only when the leaves are dry. 

7. Idle best time for dusting is either in the early morn- 
ing, providing the plants are dry, or late in the exening when 
there is \ ery little wind and the sun is going down. 


K\li'RlMt:XTS IX SlWlX 

At the present time our Mr. Frank K. Todd is carrying 
out experiments for the control of the Spanish langosta {Sfnn- 
ronotus }finroa nnus) . His experiments with the moS(]uita, 
thus far, indicate that a higher dosage than that used in the 
Argentine will be necessary to give complete kills. The 
nymphs of this species are commonly found in open pastures 
where there is no tall vegetation to aid in maintaining a high 
concentration. A dose of about one kilo to 25 S(]uare metres 
appears to be necessary to give results under these open con- 
ditions. ddie results of his early work against this species are 
given in Table 111. 
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Tablk III. 

KxperiiiK'iits ,\}:aiiis( tlio .\l()S(|iiita Sta^cuf ihe Spanish l;iii};(>sla. Shiiiniiinlus iiiniviom 
iM-aiik Iv T()<1(1--1926 


Exp. 

Xo, 




\Vl.-T 



1)(isai;l Fkh 

Area 

Vetiiodoe 

'/e Kill 

Remarks 

Flack 

Timk 

Tkmp, Bui.n 

Wkaiiikk 

Matehiai. 

iSijJ, 

Treated 

ApI'I.K'ATIOX 

hi! 

\'ilrhcs 

12:00 

72 

60 

Moderale wind 

“A" Dust 

200 {grains 

3 sq. nii'lres 

Cvaiideas Knapsaek 
iJtislcr 

ir/d 

Application niiicli too light, 

130 

Vilclics 

12:00 

72 

()0 

i\li)derate wind 


(M “ 

3 “ " 

llolder'.s "Tiii-Toi)" 

IJ lister 

m> 

325 killed in 3 sq. in, 

110 

Linares 

10:00 



Heavy wind 


1,000 “ 

50 “ " 

keiimdeled CyanogaN 
Knapsack Duster 

15% 

Large ainoiint of dust Idowii 
away by wind. 

14i 

Linares 

'):00 

62 

61 

( loiidy 

“ " 

1,250 " 

72 “ '• 

80'/« 

Moisture of soil aided in 
rapid evolution of the gih. 

111 

Linares 

8:00 

S2 

51 

( Imidy, Slid wel 


1,650 " 

30 “ “ 


95% 

Moisture of snil aided in 
rapid evolution of the gas. 

13') 

128 

Linares 

Vilclies 

11:») 

9:00 

70 

60 

Clear, windy 
Aliidarate wind 


1,650 " 

1,650 " 

30 " “ 

3 

llidder's "Tip-lop'' 
Duster 

80'/; 

80',; 

1,175 killed in 3 sip in. 

141 

Linares 

8:30 

62 

61 

(loiidy 


2,000 “ 

50 " " 

ki'iiKideled Cyanogas 
Knapsack' Duster 

'JO',; 


143 

Linares 

0:30 

51,5 

50 

Soil wet 

■■ “ 

2,000 

85 " " 

')5';; 

Moist gTonnd gave rapid ev- 
olution of gas, 

12') 

Vilclies 

10:00 

71 

60 

x\l(iderate wind 

u .. 

2,150 “ 

3 “ “ 

Holder’s “I'ip-Top" 
Duster 

')()% 

1,410 killed ill 3 si|, in. 

127 

Vilclies 

8:30 

72 

60 

Clear 

" “ 

3,300 “ 

6 “ “ 

Holder's "Tip-Top" 
Duster 

')0% 

Dose heavier than necessary 
to secure this kill, 




GrASSHOPPKRS IX THK L’XITKI) SlATKS 
In the western part of the Tniteil States, experiments 
have been carried out for the control ot the immature stages 
of migratory grasshoppers, principally those of the species 
CUniuiuld pcHucidd Scuilder. 

Tests with Cvanogas Calcium Cyanide (iranules and 
Cvanogas C\ilcium Cyanide ‘‘A" Dust were carried out in the 
Antelope \hilley in Cdilifornia by our Mr. Stanley \\b Brom- 
ley. "The (jranular material was distributed by hand, by 
means of a sifter and, and a w’heelbarrow seeder with a 14 foot 
boom. Cyanogas was effective when applied at the rate of 
2()() to dOO pounds per acre, ddie hea\'ier dosages were 
re(]uired tor the older nymphs. 1 he wheelbarrow seeder 
greatly increased the area that could be treated at once but 
was found to reijuire constant retillings. 

C'vanogas C'alcium C'yanide “A" Dust, when applied by 
means of a duster was just as eltectixe as t ie ( o'anular material 
Wind decreased the effectiveness of the Dust to a greater 
extent than it did that of the (iranular material. 'Tall grass 
increases the effecti\ eness by acting as a windbreak, thus 
maintaining a liigli concentration of gas for a longer period 
of time. 



Jog. 10-7. .\i)p]ic;ili()n of Cvanogas with W’livel-harrow Seeder for 
Control of the Clear-winged Cirassho])i)er. 












